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Kngineering With Honor 


From the very start, the unvarying principle of The Glenn L. Martin 
Company has been that its Airplanes should be 


“Built the Best of the Best” 


A factor of safety is maintained throughout, of seven times the ne- 
cessary strength. The superb twin motors represent the finest develop- 


ment of modern engineering. 


The records of flying and training show that from the time the Govern- 
ment bought its first airplane, until 1916, U. S. Army Officers spent 
more hours in the air in Martin Planes than in those of all other makes 


combined, without the record of a single fatality. 





Forward looking executives are invited to interest themselves in com- 


mercial dividends which can be earned by Martin Airplanes. 










THE GLENN L. MARTIN COMPANY 


CLEVE AND, OHIO 
Contractors to the U. S. Army, Navy and Post Office Department 


Member of the Manufacturers Aircraft Association 
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“The Motor That Made the Spad Possible" 


These Advantages Helped Make 
a Better Airplane Engine for You 


e Se Wright-Hispano Aeronautical Engine 
is the American development of the 
famous French motor which was designed in 
1914 to incorporate advantages not possessed 
by other engines at that time. 

Further American development has brought 
about many important changes in the original 
design which has “carried on” still further 
the competitive advantages that have always 
been so characteristic of this great engine. 

It is our purpose to make clear to the plane 
builder and owner in these pages the advan- 
tages possessed by the Wright-Hispano Engine 
in d dability, compactness, streamline, 
fl bility, accessibility, weight-to-horse power 
and reliability, 


In no other way can this Organization so 
well acknowledge its obligation to the manu- 
facturer and the flyer and its firm purpose to 
remain pre-eminent in the aircraft motor field. 

There are available for immediate delivery 

180 H. P. (Model E) Engines to recognized 

plane manufacturers and responsible 
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“In the Liberty Motor 





A Government metallurgist writes that during the 
War he had occasion to become familiar with Type 
“LM” Molybdenum Steel, and that he “feels absolutely 
sure that this stock made the best Liberty Motor 
Crankshafts that were produced.” 


Some of the highest authorities among Alloy Steel 
Producers and Automotive Engineers have pronounced 
this steel the best ever commercially made. 


In the “Baby Tanks” 


The records at a large American plant show that 
in the production of the flanged and formed Renault 
“Baby” Tank parts, more than 99% out of every 
hundred pieces of Molybdenum Steel passed all stages, 
including ballistic tests. 





The nearest approach to this record with other 
alloy steels undergoing the same manufacturing and 
ballistic tests was 76 out of 100. 


In trucks, military tractors, gun shields and helmets, 
Molybdenum Steels demonstrated their value not 
only as measured by the physical and dynamic prop- 
erties of the finished product, Lut by the economy 
and regularity with which the finished products were 
manufactured. 


Our book, “Molybdenum Commercial Steels,” gives 
complete and authentic information on the subject. 


Copies may be obtained by addressing 


Climax Molybdenum Co., 


or 
The American Metal Co., Ltd. 
61 Broadway, New York 
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NY number of business men can 
see an opportunity after the wise 
ones have made money at it. 

In a few more months the awakening 
will come—and then everybody will 
want to be an Aeromarine dealer. 

But right now is the time when sales 
are being made—when territory is be- 
ing tied up—when the cream of a great 
business is going to those men of vision 
who have realized that aviation is here 
—for good. 

Aeromarine travel is simply a matter 





of getting into a luxurious mahogany 
silver trimmed and leather padded 
cabin—in your street clothes—and 
going swiftly, steadily and surely to 
your destination, in one quarter the 
time of land travel and with none of 
its dust, dirt, and delay. 

No wonder the Aeromarine demon- 
stration is the one that sells the pros- 
pect every time. 

Write us today of dealer opportu- 
nities—before the cream of the business 
has been taken by the men of vision. 





AEROMARINE PLANE & MOTOR CO., TIMES BUILDING, 





NEW YORK 


LARGEST EXCLUSIVE BUILDERS OF FLYING BOATS IN AMERICA 
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HE selection of New 
Departures for air- 
plane installations in 
present day machines is as 
much the result of observ- 
ation of war time service 
as competitive laboratory 


tests. New Departure su- 
periority is as marked in 
one as the other. 
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N a recent copy of L’Aeronautique a French author ex- 
plains in a very logical fashion the manner in which 
internal combustion engines may be adapted for altitude 

flight. 

In the early stages of the war everything was done to im- 
prove the power of a motor by the increase of compression, 
by the increase of piston velocity and by the use of special 
materials to secure lightness. A motor was sought which 
should give greater power at the ground, thereby, giving 
greater speed and climb, but the general improvement in the 
motor did not necessarily mean that there would be a corres- 
ponding improvement at- altitude. On the contrary, there 
would still be the same proportionate loss at altitude. As the 
importance of altitude flight came more and more to the fore, 
means of improvement solely from an altitude point of view 
came under consideration. On this line of thought, com- 
pression at the ground was increased beyond the point of 
safety, were the motor to be used at its full possible power at 
the ground. A dangerously compressed motor at ground level 
would at altitude be a perfectly practical mechanism. At the 
same time, attempts were made to lighten the motor beyond 
the point which would be justified by the very high compres- 
sion on the hypothesis that the motor would be only used at 
its full power at altitude and would therefore not meet the 
great stresses which the high ground compression involves. 

These methods of slight variation in design proved only 
moderately satisfactory. The idea of the turbo-compressor 
was attacked simultaneously in different quarters. It may be 
said that the turbo-compressor has successfully passed the 
experimental stage, but the difficulties in its installation and 
use are very great. 

It is far from being in production and it is yet doubtful 
how soon it will be a commercial possibility. 

A number of writers, "besides M. Villey, have suggested 
other methods. One of these is to vary the compression by 
a suitable lengthening and shortening of the connecting rod. 
Another method is to increase the cylinder volume in flight. 
These methods offer thermo-dynamie possibilities. The mech- 
anical difficulties are large but are not such as to be beyond 
solution. It would seem that this line of attack would offer 
certain possibilities to engine designers. 





Ground Speed Indicators 
Though many efforts have been made in developing - a 
ground speed indicator, they have so far proven fruitless. 
Some of the experiments have heen on the lines of ground 


sighting instruments, necessitating a complicated system of - 


surveying from the air. In other cases, attempts have been 
made to integrate accelerations by a system of complicated 
mechanism. While much ingenuity has been spent on this 
work, both principles were faulty because they involved of 
necessity undue complication. 

Mr. Hersey, of the Bureau of Standards, now states a 
principle which has not yet been fully arplied, but seems free 
from insuperable difficulties in execution. A working model 
consists of a large steel ball free to roll back and forth in a 
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gigss tube, filled with a viscuous fluid. Simple mathematical 
considerations will show that if the fluid resistance is directly 
proportional to the speed of the ball through the tube in a 
horizontal fore and aft position, then the displacement of the 
ball at any instant from its initial position in the tube is 
directly proportional to the absolute ground speed of the 
aircraft. 

This indeed is a beautiful conception. The only practical 
difficulty remaining to be overcome is a provision of a suitable 
gyro-stabilizer to hold the tube horizontally. This certainly is 
not impossible of achievement. We can therefore look 
forward with hope to the development of an absolute ground 
speed indicator. 2 





Variation in Lift Coefficients with Speed 

In a paper on the Physical Basis of Air-Propeller Design 
F. W. Caldwell and E. N. Fales describe a high speed tunnel 
running as high as 400 m.p.h., in which some peculiar phe- 
nomena on the value of life coefficient were observed. As 
a rule, it has been assumed that while the drag coefficient of 
a wing diminished with the products of scale and velocity, the 
coefficient of lift remains practically unchanged. 

The experiments mentioned indicate that there is indeed an 
asymptotic value for the lift coefficient but that there is a 
great change from a low value of LV to a high value of LV. 
This is another shock to the aerodynamicist who seeks to 
co-relate his wing tunnel data with his full flight tests. 





Production of Instruments in Quantity 

In no country is the problem of securing quantity produc- 
tion so well understood as in the United States. But, on the 
other hand, in European industries, it is found that workmen 
will work with greater artistic feeling and will achieve better 
results than ours would, in working without rigid standards or 
specifications. As a result, in the production of delicate in- 
struments during the war, French and British manufacturers 
were able to achieve quantity production long before the 
instruments had passed the experimental stage, while in the 
United States this was practically impossible. 

These remarks apply to many other line of engineering 
work. Sooner or later, it is to be hoped that industrial 
education will provide us with a type of man who is as much 
of an artist in his work, as the French and British mechanic. 


Cleaning Rags in Fuselage 


A German writer states that cases have occurred where 
cleaning rags have been left in the fuselage by the ground 
personnel. 

These rags subsequently got into the control wires, and 
jammed the rudder, with disastrous results. Here is a cause 
of trouble which, in case of an accident, might be unjustly 
attributed to the designer. 

A skilled ground personnel in commercial aviation will 
be only second in importance to careful and skillful design 
and careful piloting. 






















































Determination of Sweepback for Line-Up 
By T. P. Wright 


Lieut. (j. g.), U. S. N. R. F. 


It is evident that if a dihedral angle is given to a panel 
having a built-in angle of incidence, a certain back sweep of 
the wing will result. As a great many biplanes and triplanes 
are now being built having a horizontal upper panel, with a 
lower panel having a dihedral angle, it is necessary to deter- 
mine the amount of this sweepback in order to properly line 
up the machine. The line up of the upper and lower panels, 
relative to each other, is usually performed by dropping a 
plumb bob from the leading edge of the upper panel and 
measuring the distance therefrom to the leading edge of the 
lower panel. This distance, the stagger, (usually tested in 
lining up machines at each strut point) will increase from 
wing root to wing tip in machines built as above stated. 

The formula, with deduction of same, to be used in deter- 
mining the increase in stagger from wing root to wing tip is 
given below. References are to the accompanying chart. 

Let GHLK be a panel having angle of incidence g. Re- 
volve this plane upward to position GHEI, so that EGF = 
0, the dihedral angle. Let a be the distance from wing root 
to desired strut point, along a line which is parallel to and in 
a vertical plane passed through the leading edge of the upper 
panel (considered in this case as having no dihedral angle). 
Let DJ be a plumb line at the desired strut point, a distance 
from the wing root; and x the required unknown distance. 

AKLP is similar to A JEF (Three sides perpendicular) 

.. < KLP = < JEF = < a (Angie of incidence) 

x= btane 

and b = ¢ tan 6 

", £©=c tan 6 tan a 

but c = a cos ¥ 

a tan 6 tan 2 











2% (1) 
cos Y 
also = a tan (2) 
a tan § tan 2 
Let (1) = (2) =a tan y 
cos 


.. tan § tan g = tan y cos y 
but tan y cos y = sin y 
", sin y = tan 6 tan 2 
.. Y = sin” (tan 6 tan a) 
.. from (2), z =a tan X sin™ (tan 6 tan a) (3) 
As the first variation in sin and tan in a 4 place table 
occurs at 3 deg., or .0523, no variation in the results secured 
by application of (3) would oceur by dropping the tan and 
sin term, until an angle of incidence and dihedral of 13 deg. 
were reached. Therefore, for all practical purposes, formula 
(3) may be written « = a tan 6 tan a. 
The application of this formula to three Navy seaplanes is 
given below: 
MODEL NC 
a (wing root to outer strut) = 29 ft. 44% in. = 352% in. 
a = 3 deg. (angle of incidence) 
§ = 3 deg (dihedral angle) 
.. a tan @ tan 6 = .965 in., or approximately 31/32 in. 
(This result checks ‘with that found at time of set up) 
MODEL MF 
a (wing root to outer strut) = 11 ft. 11 in. = 143 in. 
a = 6 deg. (angle of incidence) 
§ = 2 deg (dihedral angle) 
.. a tan @ tan 6 = .525 in. or approximately 17/32 in. 
(This result checks with that found at time of set up.) 





MODEL H8-3 
a (hinge point to outer strut) = 1344 ft. = 162 in. 
a = 4 deg. 
@ = 2 deg. 


* atan @ tan 6 = .396 in. or approximately 13/32 in. 

It is evident from the above examples that this feature 
should be taken into account in lining up all machines on 
which this condition exists. Failure to do so will result in 


a line up which imparts an unnecessary initial strain in the 
wing structure by forcing the panel forward. 
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Two New Clark Aerofoils 


Some very interesting wing sections have recently been 
developed by Maj. V. E. Clark, of the Engineering Division, 
United States Air Service. Two of these section, called the 
U. S. A. 26 and the U. S. A. 27, are moderately thick and 
are therefore suitable for small internally braced airplanes, 
or for wing trusses having longer bays than usual. This 
feature alone would constitute a sufficient advantage to recom- 
mend the use of these aerofoils in many cases, but in addition 
their aerodynamic characteristics show a great improvement 
over other sections which allow the use of even moderately 
deep beams. 


The U. S. A. 26 is the thinner of the two aerofoils and has 
a higher maximum L/D while the U. S. A. 27 has a considera- 
bly higher maximum Ky, and a better speed range. As regards 
climb, the two aerofoils are practically equivalent, with a 
slightly advantageous showing for the U. S. A. 26. 


On the whole, however, the U. S. A. 27 is the better of the 
two sections and it is believed to be the best all round wing 
developed to date. The following tabulated comparison will 
bring this fact out very clearly, all tests being made under the 
same conditions. 


Aerodynamic Characteristics of U. S. A. 26 and U. S, A, 27 


At 2 os 1/4 Ati/6 

Aerofoil Max. K, Max L/D max. max K, max 
U. S. A. 26 .00310 17.0 14.6 12.3 7.9 
U. S. A. 27 .00359 16.2 13.7 12.0 7.7 
U. S. A. 5 .00328 16.2 14.6 114 6.3 
R. A. F. 6 00303 16.8 13.8 10.1 7.5 


The development of these wing sections by Major Clark 
marks a most important advance in aerodynamics and will 
have considerable influence in improving the performance of 
airplanes. 
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CHARACTERISTICS OF THE U. §. A. 26 anp THE U. §. A. 27 ArEROFOILS 























Notes on Propeller 


Theory and Design 


By Alexander Klemin 





Consulting Engineer, Aerial Mail Service; Consulting Aeronautical Engineer 


The Propeller as a Windmill or Brake in the Airplane 


The propeller acts as a windmill, when rotation and an 
effective torque are produced by the action of the air flowing 
past it, as contrasted with the propeller or tractor in which 
the forced rotation produces an effective thrust. 

While windmills are frequently used on airplanes to drive 
gasoline pumps or wireless generators, the propeller of every 
day use has, under certain conditions, a definite action as a 
windmill. 

Its action under such conditions is of 
aeronautical engineers. Thus :— 

1. A propeller may act as a windmill on a glide, in which 
case it may reduce the terminal velocity of a vertical glide 
and vitiate the results of a measurement of airplane resistance. 

2. It may develop considerable braking effect on the land- 
ing run, and help to shorten the landing run. 

3. It may develop braking effect when one engine of a 
twin-engine machine is shut off, and thus render manoeuver- 
ability and sustention harder than is generally taken to be the 
case. 

4. It may act as a windmill on a steep glide, and the engine 
may be re-started in this way, without the aid of a starter. 

Elementary Theory of the Propeller Acting as a Windmill 

When the propeller is 
acting as a windmill the 
translational velocity must be 
large enough relative to the 
rotational velocity, so that the 
angle of incidence is negative 


decided interest to 





4 ig and the lift negative as 
Y- . .: . 
shown in Fig. 1. 
Fig. The thrust and torque on 


an element as shown in Fig. 
1 become :— 
The thrust and torque on an element as shown in Fig. 1 
dL cos A + dD sin A 
r(adL sin A — dD cos A) 
and the efficiency of the windmill element becomes :— 
2x rn (aL sin A — dD eos A) 





V (dL cos A + dD sin A) 
Since the efficiency is now the work done by the torque divided 








dD 
by the work exerted by the thrust of the air, putting = 
dL 
2urn 
tan B and = cot A and dividing numerator and de- 
V 


nominator by dL cos A, this becomes 


tanA —tan B tan (A-B) 


tan A 








Cot A = Cot A tan (A-B) = 
1 + tan B tan A 
. Aerofoil Momentum Theory for the Windmill 

This may be developed for the windmill in similar fashion 
as for the propeller acting as a tractor. 

Neglecting race rotation, the effect on the stream will be to 
diminish its velocity relative to the windmill, since it must 
receive a negative acceleration. 

Suppose velocity, when stream impinges on the propeller, 
to be V—»: and after passing the propeller when again in a 
region where the pressure is equal to the static pressure of 
the stream elsewhere, suppose velocity to be V—v:—v. 


Then dT = dM (wv: + v:) and dT ( V—»:) = %dM} (W)’ 


\y |v — (V—r 


nd ee 


—v:)’ 


From which it follows that v: = v: for this case also, sim- 
ilar to the condition for the propeller. 
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Still neglecting race rotation the diagram of forees on the 
blade element becomes :— 
For a perfect fluid the effi- 


V— 
ciency would be ——— in 

V 
which ease all the work 





done by the fluid is converted 





Fig. 2. into work of torque. 
Hence, for a viscous fluid, the complete expression for 
V—u tan (A—B) 
efficiency becomes (— )}2x —— 
V tan A 
Discussion of Wind Mill and Brake Action of Elements of thi 
Rlade 


The readiest way of forming a conception of windmill and 
brake action of the propeller is to consider a blade element on 
a propeller, the characteristics of the element being known ai 














TABLE I. 
Angle K, in K, in 
of Incidence lb. /sq.ft./sec. units Ib. /sq.ft. /sec. units L/D 
~ 909s, 000565 001465 —0.05 
—- 80) —,0008040 .001445 —0.21 
70 —.0005000 001415 —0.35 
60" —,0006470 .001175 —0.55 
50 —,.0007550 .000966 —0.78 
40° —,.0008750 .000810 —1.08 
30 —.0007950 .000575 —1.39 
—20¢ —.0006500 .000330 —1.98 
15 —,.0005820 .000238 —2.44 
10 —,0005200 .000154 —3.38 
5 0 —.0002640 .000073 -—3.60 
min @ + 0002140 .000036 +5.90 
Ky Kx! 
+0006 .0016 
+0004 .0014 
CHARACTERISTICS OF RAF. 
AT NEGATIVE ANGLES OF INCI 
IW LB. SQ. FT-FT/SEC. 
4.0002 .00I2 
L 
D 
6 0 .0010 
5 
4 -.0002 .0008 
3 
2 ~.0004 .0006 
| 
0 -.0006 0004 
-| 
2 0008  .0002 
3 
4 =000!1 .0 
-30° -80° -70° -60° -50° -40° -30° -20° -10° -0° 
Angle of Incidence.-i 
Fie. 3 
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all angles of incidence. For this reason the blade element may 
be taken as having the characteristics of the R. A. F. 6—a 
British report gives values of Ky, Kz and L/D for this at all 
angles of incidence. 

In Table I are given the coefficients for those angles which 
are employed in our caleulations. These are plotted in Fig. 3. 

Assume the blade element to be at a radius of 4 ft., set at 
a pitch angle of 15 deg., and consider a constant translational 
velocity of 100 ft./sec., or 68.5 m.p.h., this value being taken 
to give a concrete illustration. The usual relationship then 








follows :— 
V V 
A = tan“ == ten“ 
mn nd 2n rn 
i=C—A B= tan" L/D 
T=LesA+Dsn A= 
Vv’ Vv 
Ky X —— X cos A + Kz X sin A = 
sin’ A sin’? A 
V? 
(Ky cos A + Kx sin A) 
sin? A 
Q =r (L sin A—D cos A) 
y* 
=P (Ky sinA—K: cos A) 
sin’? A 


tan (A—B) 
e = cot A tan (A—B) => —————_- 


tanA 
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. Fig.5. 


Fig.6. 


In Table II are tabulated the results of some calculations 
for the constant forward speed of 100 ft./see. and varying 
values of n and V/nd which are plotted in curves of Fig. 4. 


We shall consider some typical cases. 
(a) » =O propeller at rest V/nD = ow 


In this condition, the relative velocity is at a large negative 
angle to the blade. While the drag coefficient is large, the 
lift does not increase the thrust, and since there is no rota- 
tional velocity, the resultant velocity is small. Hence while 
the negative torque effect is quite large, the thrust is consid- 
erably smaller than at lesser values of V/nd. 


(b) » = 8 with V/nd = 1.56 


While in this condition, the lift coefficient is not at its 
greatest value, and the drift coefficient is quite small, the 
resultant velocity is high, and both thrust and torque compo- 
nents are at their maximum values. The windmill efficiency 
also is high. 


Other cases might be studied in similar fashion, but the 
table and the curves indicate quite clearly that the blade 
element will develop its greatest braking effect, not at a 
standstill but at a-stage where there is an appreciable speed 
of rotation. If with the propeller at a standstill there is 
sufficient torque to turn the engine over at all, it will soon 




















30 accelerate to the point of maximum braking effect. 
4 . . . . 
Ss From the ‘windmill equation and the calculations of Table 
nd II certain other deductions are also possible. 
a 20 Since i = C—A, C should be small to give a large negative 
4 thrust since i will then be large at appreciable rotational 
2 ig speeds when cos A should also be large and A small. The 
$ efficiency for the propeller acting as a windmill also improves 
© 20 6 with the L/D of the section when used at negative angles. A 
Me double cambered section would assist in this, sinee it would 
¢ 14 ~+give both high negative lift values and a high efficiency. 
¢ Available Wind Tunnel Results on Propeller Acting as a Wind- 
5 | mill or a Brake 
Cc 
é 10'» Information on the action of a propeller acting as a wind- 
— o mill or as a brake is available from the N. P. L. and Leland 
£0 8 ,° Stanford laboratories. It seems useful to present the results 
+ CHARACTERISTIC CURVES é of all such laboratorie’ in the same manner, and in plotting 
2 OF — ae T 6 curves to use the ratio V/nd as the abscissa, where V = ve- 
< Speed =/00 fps =688m. Rh, . aed of advance in ft./sec., n = r.p.s. and d = diameter in 
v 5 . 
i 
2 The best method of presenting coefficients for thrust and 
torque is the non-dimensional one, as usually employed. 
0 
“1 2-3 © £ Beene 2 2s 8 : r 
n= R.p.s. Thrust coefficient = Te = 
2 
Fra. 4 A/g D* V* 
TABLE II. V — 100 tt. /sec., r — 4 ft. 
Thurst Torque 
in Ib. in ft. Ib. 
@ == 
¥ v3 rv? 
Pe tan A -— f a= ‘= 
7 Pico Vv K, in lb. K, in Ib. v3 sin? A sin? A Qann 
2. ; —-O-—A. (K,cos A+ (Ky, sinA g— 
nD ™ ™D 4 ond me ==15"—A sq.ft. /sec. 8q.ft.sec. sin? A K,, sinA) ih cosA ) vr 
n 
° 90° 1 0 —T5° 000425 00144 10,000 14.4 17.0 0 
2 |) 6.25 1.99 63. 3° 893 .449 —48.3° .000775 .000943 12,570 14.97 13.5 1138 
Party ts 992 44.8° . 705 710 —29.8° .000794 000571 20,170 19.44 12.8 166 
""* 2.08 662 33.5° .552 .834 —18.5° .000629 .000304 82,800 22.7 « 12.2 202 
6 ... 2.08 oo oe 4° 445 “896 —11.4° 000535 .000178 50,500 28.2 16.0 285 
10 .. 1.25 "398 21.7° .370 -929 — 6.7° -000351 -000101 78,000 26.5 10.5 249 
12°. 1.04 "381 18.3° 814 949 — 8.8° 000166 -000524 111,300 19.4 1.07 042 















































398 


Q 
A/g D’ Vv’ 


in any consistent system of units. In this note, as in other 
notes of the series, 7 is in lb., Q in ft. lb., V in ft./sec., d in 
ft., A density in lb. per cu. ft., g in ft./sec.’ units. 

For static tests, that is where there is no translational ve- 
locity, — : 





Torque coefficient = Qe = 


.  g 
coefficients are JT. = ———— 
A/g n* D* 
and Qe = 
A/g n* D® 


The standard density employed—which will be used 
‘throughout these notes on propellers—is that of air at 760 
mm. pressure and 16 deg. C., which is 0.076 lb./cu. ft. The 
value of g is 32.2 ft./see.’ 

Propeller-W indmill Tests at the N. P. L. 

In Fig. 7 is illustrated a four-bladed 2 ft. diameter propeller 

used at the N. P. L. in these tests. The blades are seen to be 


TESTS ON MODEL FOUR-BLADED PROPELLER 














Sesle of inches 
Fig. 7 


very narrow and thin as compared with those of the usual 
two-bladed propeller. 

The propeller was tested on the whirling arm in the usual 
way at translational speeds of 1800, 2200 and 2600 ft. per 
min. The value of the experimental mean pitch or the ad- 
vance per revolution when the propeller is giving no thrust 
was found to be 2.04 ft. The results of tests are given in 
Table III and in curves of Figs. 8 and 9. The curves in Fig. 
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8 faired in well from the tests at these three translational 
speeds showing that departures from “squared law” are 
small for this range. Table III also gives the thrust and 
torque coefficients when the propeller is revolved in air at rest. 

There is a pronounced maximum point for the windmill 
efficiency occurring at a small value of V/nD. 

It is interesting to note that the values of negative thrust 
and torque are not at their maximum value when the revolu- 
tions are zero. This is in accord with our investigations of the 
forces on a single element of a blade. When the propeller 
is not rotating, the Kx coefficient for an element may be very 
large, but the resultant velocity is smaller than in the case 
where it is the resultant of both translational and rotational 
velocity. 

Propeller-Windmill Tests at Leland Stanford 


Dr. W. F. Durand has tested in the Leland Stanford 
Laboratories a whole series of propellers for negative thrust. 
Reference is appended to his report, but a very useful idea 
of the braking action of a propeller may be obtained by a 
consideration of the results of some of these. 

In Table IV are given the characteristics of the propellers, 
1, 2, 5, 6, 9, 10, and in Figs. 10 and 11 the two forms of 
blades and the sections as they appear in form F:, with smal- 
ler blade width. The pitch was uniform for these blades. The 
mean width of blade relates to the actual blade—normally 
that part lying beyond radius 0.2 r approximately. The two 
values of the face areas employed are approximately 
0.06 D® and 0.08 D*. The numbers F: and F: are employed 
to designate respectively the straight or curved forms. 

In Figs. 12 and 13 are given the results of these blades used 
as propellers; in Fig. 14, the results for these blades as wind- 
mills with negative thrust. 

It will first be noted that these curves correspond very closely 
with the general trend of results at the N. P. L. The maxi- 
mum negative thrust coefficient does not occur when the 
propeller does not rotate. As the V/nD increases, an asymp- 
totic value of the thrust coefficient appears to be reached, 
while the maximum thrust coefficient occurs when the V/nD is 
not much larger than the V/nD for zero thrust. 

The diagrams show that the narrow blades have less brake 
effect than the wide ones. They also indicate that the brake 
effect of the higher pitch ratio is less than that of the lower. 

While in the National Advisory Committee’s report, this is 
shown to be reasonable by virtue of the properties of a flat 
plate element, an explanation based on the treatment of a 
blade element as an aerofoil will appeal more to aeronautical 
engineers. 

If we consider Fig. 2, it is at once evident that for a 
higher value of the pitch angle C, the negative angle of in- 














TABLE III. REsvuLttTs o¥ TESTS ON A FouR BLADED PROPELLER 
Translation Rotational Thrust Torque 
Speed, ft. per min. Speed, R. P.M. V /nD Co-efficient T, Co-efficient Q, Efficiency e 

683 1.329 0.040 —0.0047 56. 
882 1.020 0.000 +0.0016 0.0 
988 .918 0.040 0.0073 79.4 
1800 1165 ~772 0.118 0.0181 80.5 
1408 .640 0.236 0.0317 75.6 
1680 .535 0.394 0.0498 67.4 
1954 .460 0.588 0.0712 60.4 
2187 .411 0.778 0.0920 55.3 
100 11.00 —0.053 —0.0070 7.5 
630 1.744 —0.053 —0.0070 48.5 

950 1.158 —0.027 —0.0024 48. 
1078 1.02 0.000 +0.0015 0.0 
2200 1156 .952 0.027 0.0055 73.1 
1313 .838 0.079 0.0130 81.2 
1534 717 0.158 0.0227 79.2 
1787 -617 0.264 0.0350 73.7 
2050 537 0.394 0.0499 67.3 
2274 486 0.521 0.0640 62.7 

0 od —0.045 —0.0056 8. 
128 10.2 —0.053 —0.0070 8.1 
251 5.2 —0.057 —0.0078 16.0 
575 2.27 —0.057 —0.0078 37.8 
740 1.767 —6.053 —0.0070 47.0 
1046 1.244 —0.038 —0.0044 58.5 
2600 1186 1.097 —0.019 —0.0011 33.1 
1274 1.020 0.000 +0.0014 0.0 
1338 .972 0.019 0.0044 67.8 
1471 .883 0.056 0.0098 81.0 
1674 oun 0.113 0.0174 80.0 
1906 . 681 0.189 0.0265 77.3 
2157 .- 603 0.281 0.0375 72.1 
2368 .548 0.372 0.0480 67.9 





Static Test T, — 0.1505 
Q. == 0.01737 


















June 15, 1920 


cidence will be less for the same value of V/nD, so that the 
lift and drag values will be less. At rest also with a higher 
pitch angle the angle of negative incidence will be smaller. 


The Durand curves further indicate that the negative thrust 


Te 


CHARACTERISTICS OF A 
FOUR BLADED 
TESTED AT NPL. 


a 


o5 © 05 


04 3 


0S 6 03 


QAM 


ar2 Hi 





Fia. 8 


coefficients attain quite an appreciable proportion of the 
positive thrust coefficients. 
Braking Effect of Propellers on a Landing Run 

It has been shown in the paper previously mentioned 
(“Landing Run and Get-Away for Standard _Airplanes”) 
that in the case of the Curtiss R-4-L, equipped with a 400 hp. 
Liberty motor, and swinging a 9 ft. No. 5 propeller of Dr. 
W. F. Durand’s Report, No. 14, at a landing speed of 52 
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i the negative thrust would be 55.5 Ib. at an r.p.m. of 


With propeller No. 10 of Dr. Durand’s series, under ap- 
proximately the same conditions, a negative thrust of 100 Ib. 
is possible. 

It is quite possible therefore that with a suitable propeller 
pilots might be able to shorten the landing run quite appre- 
ciably after some experiments in coordination. 


Braking Effect of a Propeller on a Glide 


If the four-bladed R. A. F. propeller, for which test re- 
sults have been given, is again taken to have a diameter of 
8 ft., then with the engine at rest the negative thrust on a 
glide of 100 m.p.h. would be 145 Ib., the thrust coefficient 
with propeller at rest being 0.045. This for a machine of a 
size employing this propeller would be quite appreciable, and 
be sufficient to vitiate results of any gliding test for the 
determination of the resistance of a full sized machine. 


Braking Effect of a Propeller in a Twin Engine Machine 


The braking effect of a propeller in a twin-engine machine 
is important from the point of view of actual operation, and 
from the point of view of tests in flight. 

If the mechanical losses torque is so large that with com- 
plete throttling the engine is at rest, the maximum braking 
effect is not attained. If the mechanical losses are small 








o 4 enough so that the wind mill action of the propeller is suffi- 
cient to turn the engine against them, the maximum braking 
A) 5 action may well be attained with the engine completely 
ae throtiled. But it may also occur that the windmill torque of 
the propeller is too small to turn the engine over. Or it may 
Fic. 9 have to be supplemented by the torque of the engine itself, 
TABLE IV. CHARACTERISTICS OF MODEL PROPPELLERS. (see figs. 9 and Qa.) 
Yomi Blad Form, Radius of 
Diameter Meith Mvidth ? Section Section EG AB AE A&BD _EH _RS .@) 
No Inches Inches Inches Symbol Inches Inches Inches Inches Inches inches inches 
1 36 32.4 0.15 r F,A,8, 4 1.19 2.45 .90 .05 .70 0.15 78 
et 7 1.01 2.70 .90 .05 60 0 69 
eee 25.2 0.15 r FA,S, 10 84 2.70 .90 .05 . 50 0 60 
13 . 66 2.70 .90 .05 .40 0 51 
G ca 18.0 0.15 r F,A\S, 16 .49 2.70 .90 .05 .30 0 42 
Bocce 32.4 0.20 r F,A,8, 4 1.19 8.27 ~ 1.20 .05 .70 0.20 * 78 
m 7 - 3.60 1.20 .05 .60 * 0 69 
Rae 25.2 0.20 r F,A,8, 10 .84 3.60 1.20 .05 .50 0 60 
13 . 66 3.60 1.20 .05 .40 0 51 
10 .,. 36 18.0 0.20 r F,A,8, 16 .49 3.60 1.20 .05 .30 0 42 
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and the maximum braking effect attained when the engine is 
working. Each case requires a careful analysis of engine and 
propeller conditions. 

As a conerete example we may take the twin-engine Glenn 
Martin bomber. 

If this machine were travelling on one motor at a speed of 
75 m.p.h., carrying a Durand Propeller No. 5 of 9 ft. 6 in. 
diameter; then the thrust curve of the propeller would be as 
shown in Fig. 14. At a V/nd of 1.8, corresponding to 382 
r.p.m., the negative thrust is 115 lb., which would be quite 
an appreciable drag on the machine, particularly as this 
would increase the rudder action required, and the consequent 
inefficiency with the same propeller at rest the negative thrust 
would only be 87.5 lb. At a V/nD of 1.0 the negative thrust 
is zero. In this case the engine would be turning over 690 
r.p.m. This would be far too high for wind mill action to 
carry the propeller round. This rough analysis indicates that 
in testing a twin-engine machine for flight with one motor, 
careful rules should be made for the conditions of the test; 
to allow one motor to turn over would render the conditions 
of a single engine test unduly easy, since the negative thrust 
of the dead motor might be completely nullified. It further 
indicates that a twin-engine machine is less likely to be able 
to sustain flight on one motor, than calculations neglecting 
negative thrust would show. 
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A decompressing device might be of considerable service for 
a twin-engine machine, since it would enable the propeller to 
revolve the engine much more rapidly and enable it to reach 
that value of V/nd where thrust coefficient is zero. 


Starting an Engine on a Glide by a Windmill 
Action of the Propeller 


Experiments on the friction horsepower of a 180 hp. 
Hispano-Suiza at low r.p.m. have recently been carried out 
at the Bureau of Standards and the results are plotted in 
Fig. 14. It may be noted that a low r.p.m. the friction losses 
are almost the same for both throttles open and closed. 

Adapting the 7 ft. 6 in. N. P. L. 4bladed propeller, as 
previously described, to this engine and considering the air- 
plane diving at a speed of 100 m.p.h. with motor not firing, 
if the propeller be turning at 294 or 470 r.p.m. the windmill 
torque would be 170 lb. ft. in both cases and the windmill 
power would be 9.7 and 15.6 hp. respectively. This is more 
in either case than the friction horse-power of the engine. 
Therefore, if the motor stops firing after the machine attains 
the speed of 100 m.p.h., the propeller will slow down till to 
a certain r.p.m. at which the windmill power of the propeller 
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is equal to the friction power of the engine. The r.p.m. in 
this case would be 470. Should this ‘rate of turning be 
sufficient to produce an efficient spark for the magneto, it 
would be possible to start the engine by the windmill action 
of the propeller on such a glide. 

It would be of interest to consider the propeller completely 
at rest and to investigate whether the windmill torque was 
sufficient to turn over the engine. The lack of data on the 
static friction horse power of the engine, however, makes this 
investigation impossible at the present moment. 
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thrust to. determine the resistance during gliding flights. 
By A. Fage, and F. H. Bramwell, British Advisory Com- 
mittee for Aeronautics R & M 123. 

Experiments on an Aerofoil (R. A. F. 6) to find the Effect 
on the Forces and Moments of Varying the Angle of Inci- 
dence from O° to 360°. British Advisory Committee for 
Aeronautics R & M 152. 


Landing Run and Get-Away for Standard Type Airplanes, 


by Alexander Klemin, 8. A. E. Journal, April 1920. 
A Study of Airplane Engine Tests, by Victor R. Gage, Na- 
tional Advisory Committee for Aeronautics, Report 46. 





Gun-Airplanes Against Tanks 


A number of very interesting tests were recently conducted 
at McCook Field to determine the relative value of bombs and 
the new 37 m.m. ‘cannon when used to attack tanks at low 
altitudes. 

The first flight was made by Lieut. H. R. Harris in a Martin 
Bomber on which a 37 m.m. cannon, firing a one pound shell 
was mounted on the nose. He flew over the target a number 
of times at an altitude of 100 feet traveling at the rate of 120 
miles per hour while Lieut. O. G. Kelly operated the cannon. 
The first three shots fell a foot short; the remaining five were 
direct hits. 

Then a DeH-4 was flown over the target, loaded with eight 
fragmentation bombs. The bombs were dropped singly to 
obtain the range and dropped about thirty feet wide of the 
target. On the next circle of the field the remaining six 
bombs were dropped in salvo. Two bombs made direct hits, 
and the remaining four passed over the target at a height of 
three or five feet striking less than thirty feet beyond the 
target. 

If the target had been an actual tank all six bombs would 
have registered direct hits. The results are considered quite 
remarkable, as the entire test was carried out below 100 feet 
at which altitude ground speed has to be contended with, 
plus very accurate judgment in firing. 





Armored Airplane for Ground Strafing 


A new armored triplane and an observation plane, designed 
and built by the Engineering Division of the Air Service, have 
just been tested at MeCook Field, Dayton, Ohio. The tests 
proved to be a great success. 

The armored craft is the Le Pere triplane, equipped with 
two Liberty engines. Both engine and fuselage are completely 
armord. It earries eight machine guns and 37 m.m. cannon 
and performs and handles very well in the air. This plane 
is well equipped and protected for battles in the air at high 
altitudes or for ground strafing troops close to the earth. 

The new observation plane U. S. XB1-A, with 300 hp. 
Hispano-Suiza engine, was flown by General Mitchell, who 





The New Handley-Page Wing 


With regard to the novel wing form discovered by the 
technical department of Handley Page, Ltd.—which is said 
to double the lifting power for the same linear dimensions— 
the following account from The Aeroplane, may shed some 
light on this remarkable discovery. 

Our contemporary states that an Airco DH-9 fitted with a 
set of the new wings has been flown with apparent success, 
and says: 

“As to the means by which these results were obtained, no 
definite information is to be had. It is, however, certain 
that Captain Wedgwood Benn was not accurate in stating, 


- as he did in the House of Commons, that the high lift is due 


to a shutter which decreases the surface for lifting and in- 
creases it for high speeds. 

“So far as one can gather, some idea of the system may 
be grasped by studying the theory of the Howard Wright 
double-camber wing of 1913 in conjunction with the high- 
lift Fokker wing used in the biplanes of 1917-18. It is 
possible that by a combination of these systems extremely 
high lift may be obtained for starting and landing, and that 
high speeds when once aloft may be achieved by building the 
wings with a disappearing hump. The means by which the 
hump is made to disappear would probably be subject matter 
for numerous patents.”. 











Over-Cloud Flying and 


The problem I propose to consider tonight is that of long- 
distance flight when the country is covered with a practically 
continuous layer of clouds with low under surface and bad 
weather underneath—the kind of day in fact that we know, 
to our cost, predominates in this country in the winter months. 
The more pleasing kind of day that is cloudy, but on which 
the clouds are sufficiently broken to allow of one flying be- 
tween or over them without entirely losing touch with the 
ground, I class as fine and place it out of our consideration 
tonight. 

To assist you in getting a grip of what might otherwise be 
rather a diffuse argument, I shall, at this point, give a conden- 
sation of the argument that I propose to try and develop 
tonight. I do not expect everyone to agree with this argu- 
ment, I rather hope that some people won’t and will give 
their views with vigor in the discussion to follow. I am de- 
finitely taking sides in the argument, the side that over-cloud 
flying will, if properly conducted, prove ultimately to be the 
best way of tackling the type of bad weather that I have just 
described. The most condensed form of my argument that 
I can devise is as follows :— 

On cloudy days one can fly either beneath or above the 
clouds; in connection with each method there are difficulties 
and dangers, but these are of an entirely different type in the 
two cases. Peculiarities of each method may be summarized 
as follows :— 

1. Under-cloud flying can be successfully performed com- 
mercially by individual effort, but will always be at a serious 
disadvantage compared with fine weather flying. 

2. Over-cloud flying can only be engaged in commercially 
with the assistance of organization on a large scale, and with 
certain apparatus, additional to what is essential for fine 
weather; given these conditions, however, it is capable of de- 
velopment to such an extent that it is very little inferior to 
fine weather flying as a commercial proposition. 

3. Individual effort, unless assisted by far-seeing organiza- 
tion on a large scale, is liable, of necessity, to develop under- 
cloud commercial flying at the expense of the alternative 
method, although the latter is likely to achieve better results 
in the long run. 

Difficulties of Flying Under Clouds 

For the sake of clearness I have classified the objections to 
under-cloud flying as follows. These are not necessarily 
given in order of importance. 

. Strain to pilot. 

. Danger of collision. 

. Discomfort to passengers and pilots. 

. Loss of power to use favorable winds. 
. Annoyance to people on ground. 

. Danger in foreed landings. 

will deal with these drawbacks in detail in order to 
develop the first part of my argument, i. e., that under-cloud 
flying on bad days, whilst being possible to determined indi- 
vidual effort, will always suffer from serious drawbacks in 
spite of any foreseeable developments in organization or 
science. 

Pilot Strain. In my experience the strain of long contin- 
ued under-cloud flying, when the clouds are low and the 
visibility bad, is very great. This is mainly due to the in- 
cessant watchfulness that is necessary to avoid losing the way, 
and to avoid collisions when the air is at all crowded. The 
strain is, however, accentuated by the almost continuous 
bumps that are usually encountered. The mere physical 
effort of counteracting these bumps for hours on end is quite 
fatiguing, to say nothing of the weariness, due to being 
shaken about, comparable with that produced by a long motor 
drive on very bad roads. The contrast between the mental 
and physical effort required under these conditions and when 
merely keeping a compass course above clouds in clear air, 
free from bumps, must be felt to be believed. This contrast 
will probably be accentuated in time by the use of gyro 
automatic course maintainers in the latter case. 
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Commercial Aeronautics* 


Danger from Collisions. When the clouds are lo 
below 2,000 ft., everyone flies as high as possible without 
losing sight of the ground, so that almost all aircraft will be 
confined, on these days, to a layer no more than 200 ft. thick. 
This greatly increases the chances of collision. Immediately 
under clouds, on bad days, the horizontal visibility is very low 
and this still further increases the danger of collision I 
believe that this difficulty will become very serious when the 
air becomes crowded. At present it is not serious except in 
the neighborhood of aerodromes. When flying over clouds in 
clear air, collision dangers are practically non-existent. The 
problem of avoiding collision in clouds will be dealt with later. 

Discomfort of Passengers and Pilot. The contrast between 
the pleasure of flying over clouds and the discomfort of flying 
under clouds in bad weather is very great, and must be felt 
to be believed. It is difficult to convey any idea of the feeling 
of exhilaration produced by the absolute isolation, the clear 
blue sky above and the brilliant white cloud forms beneath. 
The only way to appreciate the feeling. is to get above the 
clouds either on a mountain or in an airplane. Flying under 
clouds on a bad day, on the other hand, is like a channel 
crossing in rough weather. Seriously, I think that this is a 
very important commercial consideration from the point of 
view of passenger-carrying. 

Loss of Choice of Height. The economy of commercial 
flying will depend largely upon the intelligent use of favoring 
air currents at particular heights. In fine weather I imagine 
this will be the determining factor of height. On bad days 
pilots who can choose betwen flying under or over clouds, with 
perhaps considerable choice of height in the latter case, will 
have a very great pull over pilots who are forced to keep low; 
it is quite an ordinary occurrence for the wind at a great 
height to be exactly the opposite to the wind near the ground. 


Annoyance to People on the Ground. This does not at 
present sound a very serious matter, but I venture to suggest 
that people living on a heavily used route along which the 
large multi-engined machines pass close overhead during most 
of the winter, will get restive, to say the least of it. Whether 
their restiveness will do them any good, or the aircraft any 
harm, is another matter. 


Danger in Forced Landings. Foreed landings in bad 
weather will be dangerous either from above or below clouds. 
One hopes they will get fewer and fewer as time goes on; if 
they don’t, bad weather flying of any kind will be impracti- 
cable; they will, however, always have to be reckoned with 
to some extent. The worst case when flying low is when the 
engine fails whilst flying down wind; a rapid turn then has 
to be made, with consequent loss of precious height and choice 
of landing ground. One has, however, the advantage when 
flying below clouds that one has a fairly clear idea of the lay 
of the land at the moment the engine fails. 

In foreed landings from over clouds one has not the latter 
advantage, but one has two balancing advantages :— 

1. There is time to consider possible trivial causes of 
failure and to right them, thus avoiding the forced landing 
altogether in a large number of cases. There is no time for 
this from a low height as the attention from the start must 
be focussed on the actual landing. 

2. If the pilot possesses a knowledge of the wind direction 
near the ground, he should arrive through the clouds already 
flying up wind and with a mind alert to the danger. 

The difficulty of the clouds extending to the ground, when 
one is above clouds, will be discussed later; when below 
clouds one can see this difficulty coming and avoid it. 

The arguments just discussed form a rough survey, so far 
as I myself am able to analyze them, of the reasons why I 
feel that under-cloud flying on bad days, when the clouds are 
low, is not going to be a very satisfactory operation, partic- 
ularly when carried out over crowded land areas, such as the 
British Isles. I have tried to bring out the advantages of 
over-cloud flying in direct contrast to each drawback of under- 
cloud flying; apart from the dangers and difficulties of over- 
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cloud flying that I now propose to discuss, these advantages 
are such that I imagine that there would be no hesitation in 
deciding for over-cloud flying in bad weather, whenever 


possible. 
Difficulties of Over-Cloud Flying 


We will turn now to a discussion of the difficulties and 


dangers of over-cloud flying and attempt to develop my second , 


argument, namely, that over-cloud flying can only be indulged 
in commercially with the assistance of a large organization 
and with special apparatus, but that, given these, it shows 
possibilities of development to such a pitch that it will be 
little inferior for commercial purposes to fine weather flying. 

As in the former ease, I will begin by roughly classifying 
the difficulties an@ dangers and then deal with each in detail. 

My classification is as follows :— 

1. Difficulty of actual m-cloud flying. 

2. Danger that the clouds may come to the ground whilst 
airplane is in or above them. 

3. Difficulty of navigation. 

4. Difficulty of aerodrome finding at end of flight. 

5. Danger of collision in clouds. 

6. Possibility of having to reach great heights 
clouds. 

7. Danger from storm clouds. 


Flying in Clouds 


to clear 


The essence of the difficulty of flying in clouds lies in the 
fact that it is impossible to distinguish between the effects of 
gravity and of acceleration. For instance, a mea in a lift that 
is accelerating downwards imagines that his weight has be- 
come reduced, and but for the fact that his other senses, such 
as sight and hearing, may tell him he is in a lift and therefore 
probably descending or ascending, he has no way of telling 
that his weight has not been reduced by the earth getting tired 
of pulling at him. In other words, an acceleration, or rate 
of generation of motion, cannot be distinguished from a 
change of weight. 

Now consider a man in an airplane that is turning in a 
eurve; most of you know that under these conditions his 
acceleration, or rate of change of motion, will be at right angles 
to his momentary direction of motion. 


°o 


. Suppose O (Fig. 1) is an 
airplane travelling into the 
paper, but turning to the 
right. Its acceleration is to 
the right along OC, and the 
pilot cannot distinguish this 
fact from what would occur 
if there were an additional 
earth out to the left attract- 
ing him to the left along OB. 

The combination of this 
imaginary earth pulling 
along OA, the true vertical, 
produces the effect of a 
somewhat stronger earth 

Fie. 1 than the real one pulling in 
the new direction OP. In other words, the pilot has an 
apparently new vertical, and has no internal means of know- 
ing that this is not the true vertical except that he will feel 

a little heavier than usual, by just as much as OP is longer 

than OA. 


Now it is easy to see that OP does not grow much bigger 








ee 
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than OA until the angle POA is quite large, and a man does 


not seem, in practice, to be at all sensitive to small changes 
in weight, especially when the change is gradual. Hence, in 
practice there is no means of telling that the apparent vertical 
is not the true one until the angle between the true and false 
vertical is very large; even then, only the fact that the vertical 
is wrong is appreciated, not. the direction in which the error 
lies. Any experienced pilot will realize this point at once 
from the fact that he can sit quite squarely in his machine 
with his cross bubble in the center on quite a steep bank, 
provided that the bank is correct for the turn. 


The fact we have discussed introduces no difficulties to a 
trained pilot flying in the open, because he preserves his idea 
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of the vertical by looking at the horizon; all pilots do this 
whether they know it or not. Once let the pilot enter a cloud, 
however, where he cannot see the horizon, and the fact just 
considered becomes of vital importance. 

Let us follow the case of a pilot, unequipped for cloud 
flying, who enters a cloud for the first time, and let us imagine 
that he has no compass. He goes in quite straight and level 
and, if he is a fairly experienced pilot, keeps his speed 
moderately constant for some time, using his elevator, either 
by feel or with the help of his speed indicator. The inside of 
a cloud however is generally very bumpy, and in trying to 
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180° TURN IN 40 SECS AT ABOUT 70 M.PH. 
CORRESPONDING BANK ASOUT 14° 


Fia. 2 


correct these bumps he gets upon a bank and starts a turn. 
His instinetive correction then only results in making the bank 
and the turn suit each other, not in levelling him up again, 
and for some time, greater or less according to chance, he 
goes on in blissful ignorance that he is steadily getting on 
to a steeper and steeper bank and a sharper and sharper turn. 
All this time he would take his oath that he is perfectly level, 
and if, during this stage, which may last a minute or two 
(this seems a long time in a cloud), he comes out of the cloud 
again, he probably rights himself and goes on with the mis- 
taken belief, that may subsequently cost him his life, that he 
ean fly in clouds. 

Let use suppose, however, that the cloud is a large one; his 
first indication that something is wrong is, as a rule, either an 
increase or decrease of speed that is not counteracted by the 
accustomed movements of the controls. A period of wild 
suspense and utter bewilderment now follows, during which 
the pilot makes violent efforts to recover control, but without 
success. The next thing that he realizes, if he realizes any- 
thing at all, is that he is either on his back or spinning, and 
the next thing he knows is that he is out of the clouds with 
the earth standing up at a. ridiculous angle and spinning 
round like a drunken dinner plate. Happy is he that has 
plenty of air room under these circumstances. 

What has happened is obvious to anyone but the unfortu- 
nate crew of the airplane. The bank has increased without 
the pilot’s suspecting it until a new system of control is re- 
quired to maintain steady conditions; the pilot having no 
knowledge of this instinctively acts as he would were he level, 
with the result, chaos! 


I have not overdrawn this gruesome picture, I have been 
through it myself as an observant passenger, and have talked 
to many others who have been through’it. Many a good pilot 
has had his last living view of the earth in this wildly gyra- 
ting form. 
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Action of the Compass. Now consider the compass. If 
all compasses pointed to the north, under all circumstances, 
cloud flying would be easy. Fly on a compass course, and 
since you are not turning you can have no continuous lateral 
acceleration, and your apparent vertical cannot get far wrong. 
Unfortunately all compasses are affected by lateral accelera- 
tions in such a way that the north point in the Northern 
Hemisphere swings towards the direction of acceleration, i. e., 
to the inside of the curve when turning. I shall not go into 
the proof of this, which depends on the fact that the earth’s 
field is not horizontal but sloping down to the north; it will 
suffice to say that, so far, no practicable way has been dis- 
covered of overcoming this difficulty, nor is one likely, in my 
opinion, to be forthcoming. 


When flying south this peculiarity of the compass is an 
advantage rather than a disadvantage, but when flying north 
the reverse is the case. The diagrams, Figs. 2 and 3, should 
. make this point clear. These are produced from actual ex- 
perimental figures. 

Flying north it is clear from Fig. 2 that the compass is 
of very little help as a means of flying straight; in some 
eases it is a distinct hindrance. The pilot following his com- 
pass is confirmed in his belief that he is flying straight when 
actually he is turning rapidly ;in some cases he is actually 
encouraged to increase his turn. It must also be remembered 
that the accelerations produced by bumps, which almost 
always occur in clouds, disturb the compass very much, so 
that, even when flying south, control may be lost by an inju- 
dicious attempt to; follow: the perturbations produced in this 


way. 
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Once the violent accelerations: attendant on actual loss of 


- control have started, the gyrations of the compass,’ as seen 


from the airplane, become ‘something terrible, in a word, it 
appears to go quite mad, spinning and stopping again in a 
perfectly diabolical manner, so that the poor pilot who meets 
these phenomena for the first time is only confirmed in his 
belief that the laws of nature, as he is accustomd to them, are 
temporarily suspended. Figs. 4 and 5, taken from life, show 
a mild ease of what can occur on a moderately sharp turn. 

It must not be supposed from the foregoing remarks that 
it is impossible to fly in clouds with the aid of a compass and 
the ordinary instruments only, on the contrary, we even 
managed during the war to train several formations of com- 
paratively inexperienced pilots to fly so well in clouds that 
they could actually pass through clouds 6,000 ft. thick, in 
formation, and this without the use of special instruments; 
the operation, however, was recognized to involve war risk. 
Under these conditions the long period compass, the action of 
which is ilustrated in Figs. 2, 4 and 5, was found to be an 
absolute necessity. 

Possibly I have said enough to indicate that cloud flying 
without special instruments, although possible with training, 
involves too great a risk for commercial purposes, besides 
being in practice confined to flights not lying within 45 deg. 
of north. 

For war purposes the importance of cloud flying is obvious, 
beeause of the cover provided by the cloud; vigorous efforts 
were therefore made to devise instruments to make cloud 
flying easier, with the result that there are now no less than 
three types of cloud flying instruments in existence, working 
on entirely different principles; any one of these makes: cloud 
flying comparatively simple. 
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These three types can be grouped under the following 
heads :— 

The Static Head Turn Indicator. ‘ 
The Spinning Top. 
The Gyro Turn Indicator. 

Static Head Turn Indicator. The Static Head Turn Indi- 
eator, due primarily to Sir Horace Darwin, has already been 
deseribed in this Society. I will describe it again briefly for 
the benefit of those who were not then present. 

A pressure gauge P, Fig. 6, is connected by tubes to two 
static heads or devices for measuring true pressure S:S:; these 
are situated on the wing tips. The gauge reads a small dif- 
ference of pressure when the airplane is turning owing to the 
centrifugal force in the tubes T: and T:. 

So far the device might be thought to be merely equivalent 
to an elaborate cross level, whilst the airplane is level it reads 
the same quantity as the ordinary bubble cross level. 

When the airplane banks, however, the tendency of the air 
to flow down the tubes T:T: is neutralized by the barometric 
pressure difference between the points S:S:, due to their being 
at different heights. The centrifugal force on the air in the 
tube is thus still free to make itself felt so that the instrument. 
reads lateral accelerations independently, or nearly indepen- 
denly, of bank. In this, of course, it differs from the bubble 
cross level. 


In any steady flight lateral accelerations imply a rate of 
turn, and hence the instrument, although in reality a thwart- 
ships acceleration indicator, may be considered to be a turn 
indicator. 


In practice this instrument works very well, and its 


presence on an airplane makes cloud flying safe, since by its: 


use it is always possible to tell which way one is turning or 
trols. It has, however, three serious defects for use as the sole 
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spinning and to apply the necessary corrections on the con- 
extra instrument for cloud flying on a commercial machine. 
These defects are as follows :— 

1. The action of the instrument depends on the measurement 
of very small differences of pressure in the presence of possi- 
bilities in the way of violent pressure disturbances due to the 
rapid air flow past the static heads. It is thus easily put out 
Kinks in the tube, ete., are sufficient to disturb 
its reading seriously. 

Se 
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2. As at present constructed there is an excessive “lag” 
between the starting of the turn and its registration. 

3. As at present constructed it is very much influenced by 
side slip. This is not a fundamental difficulty, but is thought 
to be due to the unsymmetrical influence of the airplane 
itself on the neighboring air, when side slipping. 

4. It is possible, though rare, for the static heads to freeze 
up solid and put to instrument out of action. When this 
happens in a cloud the speed indicator will also be out of ac- 
tiontion and disaster would probably follow. 


Defects 1 and 4 relate to reliability, an important matter in 
commercial work. Defects 2 and 3 make it practically im- 
possible to fly a good straight course, using the turn indicator 
as the primary instrument; the compass has to be used for 
this purpose and the turn indicator as an occasional corrector. 
The defects of a compass as an instrument for flying straight 
have already been considered. In spite of these defects the 
Static Head Turn Indicator produced an immense simplifica- 
tion in the art of cloud flying. 

Spinning Top. The Spinning Top cloud flying device 
consists of a top spinning about a point near its center of 
gravity and carrying some indication to show the direction 
in which the axis is pointing. The usual method of doing this 
is to prolong the axis upwards by a light rod with a white ball 
top and to cover the whole with a hemispherical glass bowl 
provided with reference marks. The axis of this top tries 
to remain vertical despite tilts of the airplane, or accelera- 
tions; it does not quite achieve this object, but for small and 
not too continuous acceleration it makes a passably good 
attempt. The instrument is used in clouds as follows:— The 
top is placed so that the pilot can look down on the hemis- 
pherical glass bowl which swings with the airplane. The top 
axis remains approximately vertical, and hence when the air- 
plane tilts, it appears to the pilot to move in the bowl. If 
the pilot follows the apparent movement of the ball on the top 
axis with his stick, he makes the correct movements to restore 
his machine to a level position; this is easily verified. When 
the airplane is kept on an even keel, as explained above, 


- turning is indicated on the cross bubble level and is therefore 


easily prevented by the use of the rudder. 

This instrument has two great advantages that particularly 
fit it for use in light unstable airplanes. These are :— 

1. Its indications are instantaneous. ; 

2. It indicates fore and aft level as well as lateral level. 


The latter is an important point in unstable or untrimmed 
airplanes, since, in the absence of the horizon, such an air- 
plane is very difficult to control fore and aft, because varia- 
tions of the speed indicator do not begin to show until the 
nose has been up and down for some little time. In stable 
aircraft, that can be trimmed fore and aft, fhis is a matter of 
minor importance only. 
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The chief defect of the instrument is that violent maneuvers 
upset it altogether and hence it is of no help in regaining 
control after control has once been lost. There were also, I 
believe, difficulties with the pivot, but probably these have 
been overcome by now. Apart from these defects the instru- 
ment undoubtedly makes cloud flying comparatively simple 
with very little previous training. Clearly it does not, by 
itself, provide the absolute safety required for commercial 
work, and it is ruled out for fighting airplanes by the fact 
that it cannot stand “stunts.” 

Gyro Turn Indicator. The Gyro Turn Indicator developed 
by the Royal Aireraft Establishment from a similar device 
by Professor Henderson for use in ships, provides, to my 
mind, the best instrument for all round use. This consists of 
a gyro wheel spun directly by the air flow past the airplane. 
The axis of spin is fore and aft, and the whole is able to 
precess about a thwartship axis. The precession is controlled 
by relatively strong springs and its deflection against these 
springs is magnified and read on a dial, the deflection being 
proportional to the rate of turning in space. The chief merits 
of this instrument are: 

1. Its extreme simplicity and coarseness of construction, 
owing to the forces involved being so large that no delicate 
parts are necessary. It is therefore very reliable. 

2. No amount of stunting puts it off its good behavior so 
that it is available to regain control at any time after control 
has been lost. 

3. It is almost instantaneous in action, registering even a 
small turn the moment it begins and before any appreciable 
turn has taken place. For this reason it can be used as the 
primary straight flying instrument and the compass returned 
to its proper sphere of duty, that of an instrument to tell 
one from time to time where one is going. 

With this instrument cloud flying on a machine that is 
stable and trimable fore and aft should be perfectly simple 
and require no more training than is required to give the pilot 
confidence in his instruments. With it the compass is not 
required to register turns correctly on a north course, but it 
should be of good behavior in bad bumps. 

Summarizing the situation with regard to the operation of 
flying through clouds, I think it is possible to state quite 
definitely that, whilst cloud flying without special instruments 
is a difficult and dangerous operation, unsuited to commercial 
work, yet there are three distinct and tried forms of apparatus 
that make it feasible, and one, at least of these, the Gyro 
Turn Indicator, whilst being simple, reliable and cheap, makes 
cloud flying practically as safe as open air flying, apart, of 
course, from the question of collision which we will consider 
later. 

Danger of the Clouds Coming to Earth whilst the Airplane Is 
Above Them 


We now turn from the actual passage through the cloud, 
which we have seen to be feasible, to the most serious diffi- 
culty of all, the danger that whilst above, or in the clouds, the 
clouds themselves may come down to the ground. If this 
oceurs without the pilot being aware of it, disaster on trying 
to land is practically inevitable; until this danger is satisfac- 
torily overcome, over-cloud flying, of the type we are consid- 
ering, is emphatically not a commercial proposition. 

So far as I can see there is only one counter for this danger, 
and that lies in the use of the wireless telephone together with 
an organzation that keeps the pilot informed of the state of 
the air under the clouds during almost the whole flight. I do 
not myself think that any means of communication short of 
direct speech on the telephone will be adequate for this pur- 
pose, on account of the complicated ideas that may have to be 
conveyed. It may, for instance, be necessary to tell the pilot 
that he cannot land at Hendon, but that at Croydon aero- 
drome the air is clear enough to get down; or again, that 
London is totally mist-covered and a descent should be made 
at Lympne or some other aerodrome short of London. 

The organization that I should imagine for this purpose 
would consist of a train of small wireless stations along the 
route, at such distances, that one at least would be in com- 
munication by wireless telephone with the airplane during the 
whole flight. These stations would be linked by wire with the 
aerodromes along the route and with the Meteorological Office. 
One might hazard a guess at 100 mile intervals, with perhaps 
intermediate observation huts at shorter intervals, the latter 
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connected with the main wire but not equipped with wireless. 
These intermediate stations would be manned on cloudy days 
only and would then report to the main stations when any 
dangerous lowering of the clouds in their area occurred. 

With such a train of stations it should at least be possible 
to ensure that nothing short of complete engine failure should 
necessitate landing in fog. This would be a great step for- 
ward, because, in any case, commercial aeronautics is going 
to depend on forced landings being reduced to a negligible 
quantity. The forced landing due to a defective engine, when 
it does occur, presents, however, a serious difficulty on account 
of the fact that, although the ground at the wireless stations 
may be clear, the ground at the position of the forced landings 
may not be clear. It is mainly for this reason that the inter- 
mediate observation huts might be required; it might, by 
their use, be possible to keep the pilots informed of any dis- 
tricts on their routes that were extensively covered, so that if 
their engines failed they could use their height to get away 
from the danger areas. It must be remembered that the air- 
plane, when over clouds, will generally be above 10,000 ft. and 
hence will have a cireular area of about 12 miles radius from 
which to choose a landing ground; probably days on which 
the fog patches are more than 24 miles across will be consid- 
ered unflyable in any case. The problem of how the pilot is 
to know where he is when the engine fails is dealt with later. 


Difficulty of Navigation 


Navigation over clouds can conceivably be carried out by 
one of several methods. These methods might be grouped 
under the following heads :— 

1. Dead reckoning. 

2. Observation of heavenly bodies. 

3. By direct observation of fixed balloons or Archie 
bursts. 

4. By the help of wireless. 

Dead reckoning has been shown to give results that with 
great care can generally be relied upon to within about 10 
miles in a hundred. But until meteorology has made very 
great strides, I do not think that one will be able to rely for 
commercial purposes on unassisted dead reckoning over dis- 
tances greater than about 100 miles; one has to be so very 
reliable for commercial success. Dead reckoning for some 
distance will always be a part of any system of navigation out 
of sight of land, but alone it is not adequate for the purpose 
under consideration. ‘ 

Observation of heavenly bodies looks very promising in 
connection with very long voyages, particularly over sea or 
over unmapped country, but it is rather too cumbersome a 
method for use in relatively short flights of 200 to 500 miles, 
such as I have in mind in this paper. At the best this method 
of obtaining one’s position does not look likely to give results 
much better than from within 5 to 10 miles; this accuracy is 
amply good enough for general purposes, say when crossing the 
Atlantic, but it is not very much help when the aerodrome has 
finally to be found in thick weather under clouds. 

The use of observation points such as balloons or archies 
have the great disadvantage that in the former ease there is 
a horrible wire passing up through the clouds, and in the 
latter case there is a hard and heavy shell to be got up through 
the cloud without hitting anything and to be brought down to 
earth again without damaging life or property. 

The remaining method is by wireless. There are really 
four separate ways for using wireless :— 

1. With large central stations, not necessarily on the route, 
receiving signals, directionally from the aircraft and them- 
selves working out its position and transmitting back to the 
aircraft. 

2. With large beacon stations whose messages are received 
directionally on the airplane, the position being worked out 
on board. 

3. With small beacon stations on the route whose signals 
are received directionally by the airplane with a fixed appar- 
atus that allows the pilot to fly straight on the beacon. 

4. With small direction receiving stations on the route that 
receive the airplane signals directionally and _ instruct the 
airplane accordingly. 

Each system will probably have its special use, but for the 
purpose in hand only the last is, in my opinion, likely to 
yield good results. 
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An objection to 1 lies in the large size of the transmitter 
required on the airplane. 

An objection to 2 is the special knowledge and apparatus 
required in the crew. 

The objections to 3 are not so serious, and it might be a 
good competitor with 4, but for the fact that we have already 
come to the conclusion, on other grounds, that the airplane 
must be equipped with a wireless telephone set. 

If, as I have tried to show, the wireless telephone in com- 
munication with a series of stations on the route, is a necessity 
for reasons of safety, then it seems to me that the following 
system of navigation coming under the fourth head posseses 
the most general advantages. 


Imagine a much-frequented trade route, say from London 
to Paris, or London to Scotland or Ireland, and suppose that 
at the termini and at distances of say 100 miles there were 
stations equipped with wireless telephones and directional 
receiving sets; suppose also that the aircraft are equipped 
only with the wireless telephone transmitter and receiver. 
The course of a flight might be as follows :— 

The aireraft starts from London with the best available 
information as to wind above clouds and state of the air below 
clouds along the route. The pilot immediately passes up 
through the clouds on the best course he can lay to get him to 
the first wireless station, say Folkstone. Let us imagine that 
his dead reckoning would have brought him within 15 miles 
to the west of Folkestone, although of course, he does not 
know this. When about twenty miles or more short of Folke- 
stone, by his calculations, he calls up on his ’phone and asks 
for his bearings. Two alternative procedures are now possi- 
ble. In the first the operator at Folkestone gives the bearing 
to the pilot from his station, and the pilot flies on the 
reverse of his bearing and ultimately, with a few corrections 
from the ground operator, arrives over the operator and is 
informed of this fact; the operator can tell this moment ap- 
proximately by the fact that signals become indeterminate, or 
perhaps by the use of a direction finder with vertical motion. 
In the second procedure the pilot holds his course, and the 
ground operator estimates his shortest distance from his 
station by the maximum rate of traverse of his signals and a 
rough knowledge of his ground speed. In either case the 
pilot, without descending through the clouds, gets his position 
fairly accurately every hundred miles or so and carries on in 
between by means of dead reckoning. He is also of course 
kept informed, by the intermediate and terminal stations, of 
any serious meteorological change or impending change, 
either in wind above clouds or in the conditions below the 
clouds along the route. 


Taking into consideration the argument that the telephone 
on the airplane is a practical necessity for over-cloud flying, 
it seems to me that some such method as that outlined above 
will provide the best means of navigation on much frequented 
routes, principally because it calls for a minimum of appara- 
tus and technical skill in the pilot. All he requires is the 
ability to use a wireless telephone set and to lay a course for 
a short flight by dead reckoning. The directional wireless set 
is in the hands of a specialist, to whom wireless and not flying 
is the primary fact of life, and who is sitting in comfort in 
an office on the ground. 

The meteorological problem of obtaining the wind above 
the clouds, with sufficient accuracy for the intermediate dead 
reckoning, introduces a difficulty, but not an impossibility; 
probably the most satisfactory method of obtaining the nec- 
essary data would be to use self-recording apparatus elevated 
by kite balloons situated permanently in areas prohibited for 
flying. There are other methods of obtaining this data, such 
as the observation by airplanes, of A.A. fire above the clouds, 
or again by the use of sound ranging on explosive signals 
carried by small free balloons. To all these methods there are 
objections, but it must be remembered that the high altitude 
winds do not vary rapidly with space, and hence it is possible 
to put the wind finding stations in unfrequented spots at 
considerable distances from the actual routes. 

No doubt the actual observation at the control stations of 
the prevalent errors on any particular day would greatly assist 
in keeping the official wind at any height in agreement with 
the true facts. It might even be possible to develop some 
method of obtaining the wind in the first place by an obser- 
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vation of error in a very carefully flown course by a special 
airplane. 
Minor Difficulties of Over-Cloud Flying 

Difficulty of Locating the Aerodrome at the End of the 
Flight. Anyone who has tried it will realize how difficult it 
is to locate one’s position when plumped down out of the 
clouds at an unknown spot on a day of low visibility. To 
locate oneself with reasonable rapidity under these conditions 


_Tequires a very intimate knowledge of the details of the 


country. For this reason it would be a very great drawback 
to over-cloud flying if the final descent through the clouds 
were to occur at an indeterminate position that may possibly 
be several miles from the aerodrome. j 

With an aircraft equipped with the telephone, and with a 
traffic controller at the aerodrome equipped with directional 
wireless, this difficulty would practically disappear; for the 


‘traffic controller could actually lead the aircraft home even 


whilst passing through the cloud and could continue to lead 
it until within sight of the aerodrome. 

Danger of Collision in Clouds. Except in the case of 
forced landings the airplane will only be in clouds when de- 
scending to, or rising from, the aerodrome. With heavy traffic 
continually passing up and down through the clouds over the 
aerodrome collisions are inevitable unless some central control 
is exercised. I believe that the only way in which this control 
can be managed is by the wireless telephone assisted by direc- 
tional wireless receivers on the aerodrome. With this appara- 
tus the aerodrome traffic controller could ensure that only a 
safe number of airplanes were in the clouds together and could 
have some idea of their relative positions. The in-coming 
airplanes might, for example, be kept on the down-wind side 
and the out-going on the up-wind side of the aerodrome, so 
as to avoid confusion. The traffic controller at a large aero- 
drome would hold a very responsible position; he would be 
somewhat like a mixture between a railway signalnian and 
a harbor master. 

Difficulty of Having to Fly Very High Occasionally to 
Clear Clouds. There are,days when the clouds reach a height 
that it would be inconvenient to have to reach in an airplane, 
both on account of discomfort to passengers and pilot and of 
the great power reserve required to reach such a height. 
Again there will be days when the adverse winds at the height 
necessary to clear the clouds would be too'strong to make the 
flight practicable. 

On such days one must of course in any ease fly below the 
clouds and put up with the discomfort; it is not contended 
that it will always be possible to fly above clouds, but only 
that it will often be possible to do so with advantage. On 
days of high wind, of course, airplanes passing in one direc- 
tion would keep below clouds, whilst those going in the 
contrary direction would fly above them. Even flying below 
clouds, however, the directing stations would be of consider- 
able value in bad weather. 

Danger from Storm Clouds. It is possible that storm 
clouds might form whilst an airplane is actually above clouds 
and that the electrical distrubances might interrupt communi- 
cation with the ground. If the danger is serious, then it would 
throw another burden on the meteorologist; he would have to 
predict these occurences in time to prevent serious harm. On 
such a state of affairs being predicted all airplanes would be 
brought down by wireless signal and made to finish their 
journey in discomfort beneath the clouds. 

If I have succeeded in making myself clear I have indicated 
that in my opinion the development of over-cloud flying is 
probably essential to the full commercial use of aviation in 
this country, and that to develop over-cloud flying a good 
deal of organization on a large scale is necessary. This or- 


- ganization can be divided into three main groups :— 


Meteorological, consisting of the continuous determination 
of wind above clouds and of the height of the top of the 
clouds, ete. 

Constructional, in the laying down of wireless control 
stations at and between termini, on the main routes. 

Instrumental and Training, in the provisions of the nec- 
essary instruments for cloud flying and dead reckoning, and 
in the training of pilots in their use. 

With regard to meteorological organization, the first step 
is obviously to push on with the development of methods of 
recording the upper winds even when clouds are present, since 
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without this information déad reckoning over clouds is im- 
possible. I believe this step is of great importance to the 
development of commercial flying—quite apart from over- 
cloud flying—because the knowledge of the wind force and 
direction a various heights is obviously going to be of great 
economic importance, and it will be a serious handicap if this 
information can only be obtained after the clouds have cleared, 
having regard to the inevitable delay that must occur between 
the obtaining of the information and its reaching the aero- 
drome at which it is required. How much more _ valuable 
would such information be if it were continous both in 
clouded and clear weather so that immediate advantage could 
be taken by the pilots of a sudden clear up? 

Of the various methods briefly indicated in the body of this 
paper I incline to the kite balloon with recording instruments, 
for by this method continuous records of the conditions at 
any desired number of heights can be obtained with no delay 
whatever. The necessary instruments have already, I believe, 
been brought to a fairly advanced stage at the R. A. E. 

The organization of the control stations suggested is of 
course a large undertaking. Ultimately I see in imagination 
a state in which the British Isles might be dotted over with 
such stations, exactly as at present the coasts are dotted with 
lighthouses. If this vision were ever realized there would be 
no difficulty at all in arriving on long flights from great 
distances, say by airship from America, and finding the earth 
covered by cloud. One would be certain to pick up some sta- 
tion, obtain position and a general report on the weather con- 
ditions below clouds, and be passed on from station to station 
until the terminus was reached. 

With regard to the question of instruments and training of 
pilots, the instruments have passed the scientific development 
stage as far as flying in clouds is coneerned and now only 
require general application. 

The training of pilots amounts to little more than teaching 
them to use and believe in their instruments. Flying in cloud 
is a purely instrumental operation and some experience is 
generally needed to convince a good open air pilot of this fact. 
As already stated we succeeded at Orfordness in training for- 
mations of pilots of only moderate experience to fly through 
elouds in formation, even without the turn indicators; if this 
was possible there should be little difficulty in training pilots 
to climb through clouds without embarrassment of a formation 
of other machines in the neighborhood and with the help of 
the gyro turn indicators. 


N. A. C. A. Reports 


Copies of these reports may be obtained upon request from 
the National Advisory Committee for Aeronautics, Washing- 
ton, D. C. 

Spark Piua Derecrs ANp Tests—Synopsis of Report No. 

51, National Advisory Committee for Aeronautics. 

Part I of this report discusses the various causes of failure 
of spark plugs, viz.: (1) Fouling with carbon deposit 
causing short cireuit; (2) fouling with oil deposit causing 
open cireuit; (3) breaking of the insulator; (4) preignition; 
(5) conduction through the insulator; (6) electrical puncture 
of the insulator; (7) minor trouble, such as warping and 
breaking of electrodes, ete. Types (1) and (3) are most 
frequent. The causes, indentification and possible remedies 
for each trouble are discussed in detail. Part II gives the 
results of gas leakage measurements on several hundred plugs, 
and tabulates the result ®n a basis of design, material, ete. 
The principal conclusion is that tightness is a matter of work- 
manship rather than design. Part III describes the methods 
worked out for testing spark plugs in the laboratory for (1) 
electrical conductivity when hot, (2) resistance to thermal 
cracking, (3) gas tightness, (4) resistance to mechanical 
shock, (5) dielectric strength, (6) engine test. 
EXPERIMENTAL RESEARCH ON AIR PROPELLERS, 111—Synopsis 

of Report No. 64, National Advisory Committee for Aero- 

nauties. 

This report presents the results of a series of tests in con- 
tinuation of those previously reported in Nos. 14 and 30. 

The tests covered in the present report include the following 
characteristics : ; 
Four propellers of nominal pitch ratio 1.3, uniform pitch, 
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straight face and with four combinations of form of blade and 

area. 

Five propellers of nominal pitch ratios 0.5, 0.7, 0.9, 1.1, 
1.3, all of uniform pitch, one area and blade form, and with 
the driving face made slightly convex by adding a crown of 
one-sixth the normal thickness of corresponding straight face 
sections. 

Four propellers of nominal piteh ratio 0.7, uniform pitch 
one blade form and area and four locations of the maximum 
thickness ordinate of blade section. ; 

Three propellers of nominal pitch ratio 0.7, uniform pitch, 
one blade form and area and with three degrees of the de- 
formation of the leading edge through pushing forward by 
successive increments. 

Twelve propellers distributed over the pitch ratios 0.5, 0.7, 
0.9, 1.1, 1.3, all with one blade form and area, and with 
radially expanding pitch derived in each case on the assump- 
tion of a constant value of the angle of attack. 

Several of the propellers of these series combine with those 
previously reported on to form more extended series with al! 
characteristics constant except’ one and that one varying by 
regular steps; others are intended to show, for a typical com- 
bination of other characteristics, the influence of some one 
feature, as for example the distortion of the leading edge, or 
the location of the maximum ,thickness ordinate of blade 
seetion. 

The results, as in Reports Nos. 14 and 30, are given in two 
forms: (a) Curves showing actually observed spots for 
values of thrust and torque coefficients over a wide range of 
values of V/ND, with resultant effieiency curves. 

(b) Ejffel Logarithmie diagrams giving the relation be- 
tween power, air density, speed, diameter and revolutions. 

The paper is accompanied by a brief description of a meth- 
od of earrying on the tests, with a general discussion of the 
resu'ts with reference to the points most noticeably brought 
out by the various series formed either by the models of the 
present report alone, or formed by them in conjunction with 
those covered by the earlier reports. 

The report is illustrated with 24 full page sheets of curves 
and 3 pages of cuts showing geometrical forms and charac- 
teristics of models employed. 

Winp TunNEL Batances.—Synopsis of Report No. 72. Na- 
tional Advisory Committee for Aeronautics. 

This report is divided into four parts, the first of which is 
devotd to a detailed description, with numerous illustrations, 
of the balance designed for the wind tunnel at Langley Field. 
The seeond part of the report treats of the sensitivity of the 
N.P.L. type of balance, the means provided for adjusting 
sensitivity and the effect on sensitivity of the rolling and yaw- 
ing moments and cross wind foree which appear when the 
oscillations of the balance throw the plane of symmetry of 
the model out of line with the relative wind. 

‘ Part III is given up to a discussion of the possible errors 

of the N.P.L. balanee. Seventeen factors are listed, and the 

.mportanece and the means of combatting each is discussed. 

Finally, in the fourth part there are brief descriptions of four 

other types of balance (Eiffel, St. Cyr, Curtiss 2 axis, and 

Wright). The precision of each of these types and their most 

striking advantages and drawbacks are briefly discussed. 

Tue AERODYNAMIC PROPERTIES OF THICK AEROFOILS SUITABLE 
FoR INTERNAL Bractnc—Synopsis of Report No. 75. Na- 
tional Advisory Committee for Aeronautics. 

This report deals with the results of a series of tests con- 
ducted at the Massachusetts Institute of Technology wind 
tunnel, with a view to developing aerofoil sections thick 
enough to permit of internal bracing and the use of cantilever 
wings without any external bracing of the airplane wing truss. 
The sections tested were based on the Durand 13, and were 
varied in section form, in thickness along the span, and in 
chord along the span. Tapering both in thickness and in 
chord was found to be highly beneficial to efficiency, and some 
of the wings developed gave L/D ratios practically as high 
at angles corresponding to very high speeds of flight as the 
best of the wing sections for normal type, together with very 
much higher maximum lift coefficients. In particular, it was 
found that the substitution of a thick tapered wing for R.A.F. 
6 on a 3600-pound fighting biplane with Liberty engine 


would increase the maximum speed by 18 miles per hour, due 
to the saving in parasite resistance by entire elimination of the 
interplane bracing. 
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FARMA. 


Aeroplanes 




















tae The “GOLIATH” 


ANOTHER WORLD'S RECORD i: “GOLIATH”! 





24 hours, 19 minutes, 7 seconds IN THE AIR 


This World’s Endurance Record was made by the FARMAN “GOLIATH” June 
3-4, 1920, at Etampes, France, piloted by Messrs. Bossoutrot and Bernard. 


The “GOLIATH,” the undisputed Champion of the Air, holds additional World’s 


Records as follows: 

Apmil 3, 1919—World’s Altitude Record (with 14 passengers), 20,341 feet. 

April 5, 1919—World’s Altitude Record (with 25 passengers), 16,732 feet. 

August 11, 1919—World’s Record Non-stop Flight with eight passengers, 1,300 miles in 17 hours 


20 minutes. 


For operation on Aerial Transportation lines, no aeroplane in the world can equal the speed, safety and 


efficiency of th FARMAN “GOLIATH.” 
Other FARMAN models: 


The “Tourabout” The “Training Plane”’ 
The “Sport-Farman”’ _ The “Limousine” 


Represented in America by 


W. WALLACE KELLETT 


1 WEST 34th ST. NEW YORK CITY,N. Y. 
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e FLOYD SMITH LIFE PACK, Pat. 1920. 


Any infringment will be prosecuted. 


FLOYD SMITH AERIAL EQUIPMENT CO. 


Manufacturers & Patentees of the 


Floyd Smith Life Pack 


Read the following expressions from some of 
our foremost fliers. 


MAJOR R. W. SCHROEDER, A. S. A. Chief 
Test Pilot, U. S. Air Service :~ 


“TI have become so accustomed to wearing 
o- ack that I feel lost without it. In fact, 
feel uneasy without it. On my last hi 
flight, I must say that the pack was the dear- 

est thing in my life.” 


ROLAND ROHLEFS, Chief Test Pilot, Curtiss Aero- 
plane & Motor Corporation:~ 


“Congratulations to you on your wonderful 
Parachute. I jumped yesterday with good 
success. I am a strong booster for your chute.” 


and many others. 
Can you afford to be without one? 


Information and price furnished on 
application 


FLOYD SMITH AERIAL EQUIPMENT CO. 
367 W. ADAMS ST., CHICAGO, ILL. 

























History’”’. 


681 FIFTH AVENUE 





The Most Thrilling Adventures Today are those of the Aviator 
READ 


LUCK ON THE WING 
Thirteen Stories of a Sky Spy 


By ELMER HASLETT, Major, Air Service, U: 5. Army 


There are no stories of adventure more thrilling than these. The aviator’s intense 
joy in the present hour, which may be his last keen look at life, sets such books in a 
class apart. Brig.-Gen. Wm. Mitchell, Commander-in-chief of the American Air Forces 
at the Front, says that “few men even in the air service had so many and so astounding 
adventures’’ as befell Maj. Haslett “and of these, fewer still lived to tell the story.”’ 
As to the book’s deeper value, he adds that, in his opinion, Maj. Haslett has “provided 
not only the most interesting story but one of ‘the very few which the future historian 
will find of considerable value when he sets himself to the task of compiling Air Service 


PRICE, $3.00 


E. P. DUTTON & CO., Publishers 


NEW YORK 
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-College Point- ‘New-York: 


‘Navy-and-AirMail-Service 
‘-LW-F: Engineering-Co-inc., 
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THE HOME ¢ovexxy NEW YORK 


ELBRIDGE G. SNOW, President 
Home Office: 56 Cedar St., New York 


AIRCRAFT INSURANCE 


Against the Following Risks 


FIRE AND TRANSPORTATION. 

THEFT (Of the machine or any of its parts). 

COLLISION (Damage sustained to the plane itself). 
PROPERTY DAMAGE (Damage to the property of others). 


SPECIAL HAZARDS 


Windstorm, Cyclone, Tornado—Passenger Carrying Permit—Stranding and Sinking Clause—Demonstration Permit— 
Instruction Permit 


aalt ollt mall 


AGENTS IN CITIES, TOWNS AND VILLAGES THROUGHOUT THE UNITED STATES AND ITS POSSESSIONS, 
AND IN CANADA, MEXICO, CUBA, PORTO RICO AND CENTRAL AMERICA 


Aireraft, Automobile, Fire and Lightning, Explosion, Hail, Marine (Inland and Ocean), Parcel Post, Profits and Commis 
sions, Registered Matl, Rents, Rental Values, Riot and Civil Commotion, Sprinkler Leakage, Tourists’ Bag- 
gage, Use and Occupancy, Windstorm : 


STRENGTH REPUTATION SERVICE 
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“The Plug that Cleans Itself” 


Self-Cooling 





Unbreakable 


“The Plug with the Infinite Spark” 
THE BREWSTER -GOLDSMITH CORPORATION 


33 Gold Street, New York City, U. S. A. 
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Aluminum Company of America 


General Sales Office, 2400 Oliver Building 
PITTSBURGH, PA. 


Producers of Aluminum 








Manufacturers of 


Electrical Conductors 
for Industrial, Railway and Commer- 
cial Power Distribution 
also 
Ingot, Sheet, Tubing, Rod, Rivets, 
Moulding, Extruded Shapes 
alse 


Litot Aluminum Solders and Flux 


CANADA 
Northern Aluminum Co., Ltd, Toronto 


ENGLAND 
Northern Aluminium Co., Ltd. London 


LATIN AMERICA 
Aluminum Co. of South America, Pittsburgh, Pa. 














Self-Cleaning 


Non-fusible 




























A limited number, 


AVIATION 
MECHANICS 


are desired for the 

COAST GUARD 
AVIATION 
STATION 


Morehead City, 
N. C. 























Apply by letter 
stating past ex- 
perience to 


Coast Guard 
Headquarters 
Washington, D.C.“ 
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Diamond Fibre is a superior material for aeronautical 
use because it combines great strength with light 
weight. 
Diamond Fibre is tougher than horn, almost as hard 
as iron, yet LIGHTER THAN ALUMINUM—un- 
usually high in dielectric compression, shearing, and 
tensile strength—does not splinter, split, crack, break 
or crystallize under severe vibration—impervious to 
oil and grease and unaffected by ordinary organic 
solvents—actually improves with age. 
Diamond Fibre readily takes any machining process 
and can be formed into the various shapes required. 
Furnished in sheets, rods, tubes, and special parts 
machined to your specifications. 
We also manufacture Condensite Celeron, a new 
waterproof material of remarkable properties. 
Samples, prices and complete information on request. 
ept. 


Diamond State Fibre Company 


Bridgeport, Pa. (Near Philadelphia.) 
Di In Canada, Diamond State Fibre Co. of 
a >F Canada, Ltd., Toronto. 





Edstrom Machinery Company 


WAR DEPARTMENT 
BUREAU OF AIRCRAFT PRODUCTION 
AIRPLANE ENGINEERING DEPARTMENT 


McCook Field, Dayton, Ohio, U. S. A. 
REPORT ‘Serial No. 646 


on test of cable terminal connections made on the Edstrom 
Wire Wrapping Machine. 


ccm eine a 
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Finished Products of the Edstrom Machines 


. . . It is to be noted that out of ten unsoldered speci- 
mens sizes %” to 5/32”, only one failed at a load below the 
rated capacity of the cable. The 3/16” specimens served with 
copper wire failed at loads averaging 71 per cent of the full 
strength of the cable.” 

Note: The nine cables standing 100 per cent were wrapped 
with the special strength wrapping wire we use on all our work. 
“ . ,. The Edstrom Wire Wrapping Machine . 
should be given a trial where such 4 machine is desired.” 
We can give you stronger, neater and better work at a great 
saving of cost to you. 

Let us give you our price. 


FACTORY: 
Hunters Point 1835 
REVIEW AVE. Bet. Fox and Marsh Sts., LONG ISLAND CITY 
NEW YORK 














PARAGON PROPELLERS 


Highly Developed Dynopter Design 
Special for J. N. Machines 














ge ee 
The Economy Propeller 


Par Excellence 


Price $45.00 F. O. B. Baltimore 
For Metal Sheathing Add $12.00 





These are a Special Development for O. X. Motors on 
J. N. Machines, now being made in large quantities and 
ready for immediate shipment on receipt of $15.00 
deposit. C. O. D. for balance, with examination allowed 
before acceptance and safe delivery guaranteed. Every 
one bears the Paragon mark, with all that the mark 
implics. Get our -General Booklet and List for other 
designs, etc. Write today. 


AMERICAN PROPELLER & MFG. CO. 
1261-9 Covington Street 
Baltimore, Maryland, U. S. A, 











“RYLARD” 


THs SPECIAL VARNISH was adopted by 

the British Air Ministry in 1916 as being 
the premier Varnish for Aircraft work. The 
whole of the output of “Ryztarp” produced 
from our specially increased plant was taken by 
the Air Ministry and delivered to the various 
Aircraft manufacturers all over the British Isles, 
for use over doped fabric, and has given every 
satisfaction. 


The most suitable Varnish 
for 
AEROPLANE PROPELLERS 
STRUTS AND SKIDS 
SEAPLANE FLOATS 
DOPED FABRICS 


It Dries Quickly, will not Bloom, Crack, or Blister, is 
Impervious to Oil, Petrol, Sea Water, etc., and is 
unaffected by Sun or Rain. 


AMERICAN BRANCH: 


Llewellyn Ryland Co. of America 


64 East Van Buren Street, CHICAGO, U. S. A. 
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J: j Y “Br'stol” representatives enjoy a prestige and income 
that is the logical result of merchandising the highest 
grade aeroplane on the market today. 
A lim'ted number of contracts are still available, but 
naturally the caliber of the representative must be in keep- 
ing w th the produet. 
If you think your organization ean qualify, write us in detail. 



















WILLIAM G. RANELS 








Representing 
THE BRISTOL AEROPLANE CO.. Lid. weprghé i" *" 
512 Fifth Aveaue New York pe s Zi 
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OHNS-MANVILLE Corrugated 

Asbestos Roofing, used for the 
roofs and side walls of hangars, 
gives weather-proof protection of 
splendid durability because it is im- 


mune to the corrosive action of sea- 
air, smoke or acid fumes —and it 
never needs painting for its asbestos 
surface is amply able to resist any 
climate. 

Write for information about Johns- 
Manville Corrugated Asbestos Roof- 
ing— you will probably find it 
peculiarly suited to your needs. 


H. W. JOHNS - MANVILLE CO. 
Madison Avenue, at 41st Street, New York City 


10 Factories—Branches in 64 Large Cities 


» For Canada: 
CANADIAN JOHNS-MANVILLE CO., Ltd., Toronto 




















FREDERICK W. BARKER 
PRESIDENT 
REGISTERED PATENT ATTORNEY . AERONAUTICAL SOCIETY OF AMERICA 
rrom 1915 ro 1919 
2 RECTOR STREET NEW YORK ee 
Telephone 4174 Rector Orer 30 Years in Practice SPECIALTY: Patent Claims That Protect 















Our Propellers Are Constructed and Designed to Give Exceptional Service 
and Performance Under bnormal Conditions. 


HAMILTON AERO MANUFACTURING CO. 
679 LAYTON BLVD. MILWAUKEE, WIS. 
Contractors to United States Government Order that Spare Prop Now 
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Grand Rapids Vapor Kilns 


are used by these aircraft concerns with absolute 
satisfaction. 


Standard Aircraft Corporation 
Fisher Corporation. 
American peller & Mfg. Co. 
Alexandria Aircraft Corp. 
Gallaudet Aircraft 
Thomas-M 


Submit your drying problem to experts who make a 
specialty of kiln design and are prepared to furnish and 
install all equipment and instruments. 


GRAND RAPIDS VENEER WORKS 
Grand Rapids, Michigan Seattle, Washington 
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TYPE L-6 
AIRPLANE ENGINES 


Hall-Scott Motor Car Company 


West Berkeley, California 











VERY 
Engine built is equipped 
with Zenith Liberty Carbure- 
tors—the reason is clear to 
Zemnth users. 


Zenith Carburetor Co. 


NewYork DETROIT Chicago 


Liberty Aircraft 








The pioneer manufac- 
ture of airplane parts 
made from bar stock. 
Any and everything 
pertaining to the man- 
ufacture of airplanes. 


Any Quantity 


A. J. MEYER MANUFACTURING CO. 
819 John Street West Hoboken, N. J. 














Flottorp Manufacturing Co. 


AIRCRAFT PROPELLERS 
Established 1912 


213 Lyon St., Grand Rapids, Michigan 








Contractors to United States Government 





AIRPLANE INSURANCE 
FOR THE 
Manufacturer—Flyer 


Fire—Collision—Damage to meaty of Others 
Legal Liability—Life—Personal Accident 
Conservative Ratee—Best Companies 


PHONE—WRITE—WIRE 


HARRY M. SIMON 


Insurance Expert 


81-83 Fulton St. New York, N. Y. 














warwick NON-TEAR 4Acro-cioth 


A SAFE CLOTH for FLYING 








For Particulars Apply to 


WELLINGTON SEARS & CO. 


66 Worth Street, New York 




















LOUIS DUSENBURY & CO., Inc. 


Established 1849 


MANUFACTURERS AND IMPORTERS 
INTERIOR TRIMMINGS OF QUALITY 
FOR PASSENGER PLANES AND 
DIRIGIBLES 


eCARPETS 
UPHOLSTERIES 


CURTAIN FABRICS 


229.233 FOURTH AVENUE NEW YORK 
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For Your Flying 
<—Boats Use 




















ecve™ 
, il Upward of 5,000 gallons 
‘ of Jefferys Patent 
Sedeg PAT Waterproof Liquid Glue 
} has been used by the 
WaTeRpRoo, U. S. Navy and War De- 


LIQUID GLUH 


partments and as much 
more by the _ various 
manufacturers of  sea- 
planes having govern- 
—— ment contracts 


——=-——=-* 











\. Ww. FERDINAND & } | L. W. Ferdinand & Co. 


, 152 Kneeland Street 
Boston, Mass., U.S. A. 























LEARN TO FLY 


in old established school. under an instructor who has 
given instruction tu more 


AMERICAN ACES 


than any other instructor. 





Army Training Planes Used. 
We Build Our Machines. 


PRINCETON FLYING CLUB, Princeton, N. J. 
WEST VIRGINIA AIRCRAFT CO., Wheeling, W. Va. 
DAYTONA FLYING CLUB (Winter), Daytona, Fla. 














PIONEER RUNNING LIGHTS 


FOR WINGS AND 
TAIL -- STRONG 
LIGHT WEIGHT - LOW 
HEAD RESISTANCE 


INEXPENSIVE °-- 


l/ FULL 
WRITE FOR INFORMATION 4 SIZE 


PIONEER INSTRUMENT COMPANY 
246 GREENWICH ST. NEW YORK CITY 
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Die-Casting 
Service 


The Doehler Engineer- 
ing and Manufacturing 
organization is excep- 
tionally able to produce 
a superior product in 
any quantity. 








Put your problem up to Doehler’s Staf of Experts 
THE WORLDS LARGEST MANUFACTURERS OF DIE CASTINGS 
DOEHLER Die=- CASTING Co. 
iy. 


BROOKLYN, N.Y. TOLEDO, OHIO. CHICAGO, ILL. 
° SALES OFFICES IN ALL PRINCIPAL CITIES 











In this day of constant improvement in the design construction and performance of 
aircraft dependable technical information is not only essential for the engineer, designer 
and manufacturer, but it is just as essential for the man—-young or old—who wishes to 
identify himself either directly or indirectly with the era of air transportation. 

Make your general interest in Aeronautics more specific. The facts which you absorb 
now will prove an investment and business guide of genuine value. 


For the facts read 


Aviation and Aeronautical Engineering 


Three Dollars 


A Year THE GARDNER, MOFFAT COMPANY, INC. ~- Issues 


22 East Seventeenth Street 


Twenty-four 


NEW YORK CITY 








CONSULTING 
AERONAUTICAL ENGINEERS 
AN INDEPENDENT ORGANIZATION OF 


SPECIALIZED AERONAUTICAL ENGINEERS 
ENGAGED IN THE 


SCIENTIFIC AND PRACTICAL DEVELOPMENT OF 


AERONAUTICS BY CONSULTATION, DESIGN 
EXPERIMENTAL RESEARCH AND TESTING 


ALEXANDER KLEMIN 
22 East 17th Street New York 


CLASSIFIED ADVERTISING 


10 Cents a word, minimum charge $2.00, payable in advance. 
Address replies to box numbers, care AVIATION AND AER 
NAUTICAL ENGINEERING, 22 East 17th Street, New York. 











FOR SALE—Double Acting Rudder, regulation for Aero- 
nauties, patent 999959 license for 10 cents per horsepower, 
one straight move with one lever from and into any position. 
Box No. 121. 














REQUIRED for position of responsibility and promise, 
energetic young man well acquainted in the airplane industry 
of good personality and business instincts. Box 122 











June 15, 1920 





INDEX TO ADVERTISERS 








A 


Aeromarine Plane & Motor Co.............c2ceeeeees 390 
Aluminum Company of America 412 


American Propeller & Mfg. Co........cscecescscscees 413 - 


B 
Te I SIU iis oak a iw ob nals Raa 6 obs cea ee 
Barker, F. W 
Brewster-Goldsmith Corp 
TR SNS SI Big kk oo sins oka fo 5s kawt bes bs 


414 


Climax Molybdenum Co 

Coast Guard 

Continental Aircraft, Ine 
Curtiss Aeroplane & Motor Corp 


388-389 
412 


Diamond State Fibre Co 
Doehler Die-Casting Co 
Dusenbury & Co., Ine., Louis 
Dutton & Co., E. P 


Eclipse Mfg. 
Edstrom Machinery Co 


VF, Bs Gd oc scctacdivenetdsdsab tea sebddiasion 409 


Ferdinand & Co., L. W 
Flottorp, Manufacturing Co 


Grand Rapids Veneer Works 


Hall-Seott Motor Car Co 
Hamilton Aero Manufacturing Co 
Home Insurance Co 


Johns-Manville Co., H. W 
Jones Motrola, Ine 


Klemin, Alexander 


L-F-W Engineering Co., Ine 


Martin, The Glenn L., Co 
Meyer, A. F., Mfg. Co 


New Departure Mfg. Co 
Pioneer Instrument Co 


Ranels, William G 
Ryland Co., Llewellyn, of America 


Simon, Harry M 
Smith Aerial Equipment Co., Floyd 


T 
Thomas-Morse Aircraft Corp 


United States Rubber Co 


Wellington, Sears & Co 
West Virginia Aircraft Co 
Wright Aeronautical Corp 


Zenith Carburetor Co 
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JONES 


AIRPLANE TACHOMETER 


‘Best by Test”’ 


was designed especially for the United 
States Navy Department for use in the war. 


We supplied the Navy Department with 
large quantities of these instruments and 
their splendid record of service under all 
conditions as demonstrated by the famous 
Trans-Atlantic flight of the N C 1—N C 3— 
N C 4 where the JONES AIRPLANE TACH- 
OMETERS were standard equipment, has 
been highly commended by the Navy De- 
partment officials. 


The mechanism is of the centrifugal type ; 
the dial is black with radium graduations 
and pointer, and is calibrated in various 


speed ranges up to 5000 R. P. M. 
JONES AIRPLANE TACHOMETER 


is the lightest instrument of any type yet 
produced, and is geared to be driven at 
cam shaft or engine speed without extra 
attachment. 


JONES HAND TACHOMETER 


Carry one and you can note 
R. P. M. quickly, easily and 
accurately, wherever you hap- 
pen to be. Invaluable about 
power plants, generating sta- 
tions, turbines, engines, shaft- , 
ings. Aneat little instrument 
of precision, with uniformly 
spaced dial, in handsome mo- 
rocco carrying case. 


Send tod or a ort of test by the United States Bureau 
of Avy Bi po: 3 our new booklet on tachometers. 


JONES-MOTROLA, Inc. 
31 W. 35th Street New York 
A. J. FISK, Special Representative, 
965-7 Woodward Ave. Detroit, Mich. 
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SERVICE that Covers the 


Continent 


‘* Service is the greatest thing in the world.” When you 


Stealer Manugacticed need Service you want it immediately. 
Aircraft Association 





Service is the basis of the Curtiss sales policy. Every 
Curtiss Distributor maintains a Service Station. 


CURTISS DISTRIBUTORS 


Curtiss-Eastern Airplane Corpn., Philadelphia, Pa. Curtiss-Humphreys Airplane Company, Denver, Colorado. 
Curtiss Flying Station. Atlantic City, N. J. Curtiss-Southwest Airplane Company, Tulsa, Okla. 
America Trans-Oceanic Company, New York City Syd Chaplin Aircraft Corporation, Los Angeles, Calif. 
Curtiss Airplane Company of New England, Boston, Mass. Curtiss Aeroplane and Motor Corporation, Chicago, Ill. 
Curtiss- Johnson Airplane Company, Montgomery, Ala. Curtiss-Wisconsin Airplane Company, Milwaukee, Wis. 
Memphis Acrial Company. Memphis, Tenn Thompson Airplane Company, Detroit, Mich. 
Chattanooga Automobile Company, Chattanooga, Tenn. MRE EF ta TO Company. Gennd Ident Mabe. 


Curtiss-New York Airplane Corporation, Buffalo, N. Y. 


Curtiss-lowa Aircraft Corporation, Fort Dodge, Ia. : . 
Curtiss-Northwest Airplane Company, Minneapolis, Minn. Earl P. Cooper Airplane, Co., San Francisco, Calif. 
Lynchburg Air Service Corpn., Lynchburg, Va. Oregon, Washington & Idaho Airplane Co., Portland, Oregon 


Curtiss-Kansas Aircraft Corporation, Topeka, Kansas Floyd J. Logan Aviation Company, Cleveland, O. 


Curtiss-Indiana Airplane Company, Kokomo, Ind. 


CURTISS AEROFi.ANE and MOTOR CORPORATION 
Sales Office: Garpen Crry, Lone Istanp, N Y. 
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2 Factories: Garden City, L. I., and Buffalo, N. Y. Flying Fields, Training Schools and 
js 2 Service Stations: Garden City, Atlantic City, N. J., Newport News, Va., Miami, Fla., and 4 
Ow2r k x Buffalo. Dealers and distributors in all parts of the United States. Special Representatives j : 
= Sr in Latin America, the Philippines and the Far East. NITITINTINIEIIIT IIL LLL 
—- 
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Record Flights 
do not always mark a specific achievement for the working parts of a plane. It is 
the grind of constant service day after day under all sorts of weather and flight 
conditions that test the durability and adaptability of the plane and its equipment. 


The Life of a Spark Plug 


should be measured in flying hours per set,-—in the lenghth of time they will re- 
main in a motor without fouling, without variation of spark gap, without leaking 
compression, without fusing or flaking of electrodes, without pre-ignition, and 
withont missing a single shot or hesitating in taking hold after a_ cut-off. 
HERCULES Airplane spark plugs may be installed in any type of airplane motor 
and left undisturbed until the ship goes to the shop for complete overhaul. 

Write for full particulars 


ECLIPSE MAUFACTURING COMPANY 
Indianapolis U.S. A. 
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BRAND NEW 
OX-5 AERONAUTICAL ENGINES (Curtiss Type) | 
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a nominal price will now buy a brand new 
OX-5 engine completely equipped and ready 
for immediate shipment from New York. 


hundreds of these brand new OX-5 en- 
gines now in the hands of airplane dealers 
and pilots throughout the entire United States 
were purchased from us. 


of our original allotment of approximately 
600 engines, only a few remain; therefore, 


quick action is necessary. 


to airplane manufacturers, dealers and pilots, 
we will allow a further discount on more 
than one engine. 


further information on request. 


Continental Aircraft, Incorporated 


742 South Michigan Blvd., 


Harry Newman 
R. H. Perry 

A. U. Richardson 
Stanley E. Knauss 


Major .George R. Wadswo 


Chicago. 


President and General Manager 


Vice-President 
Treasurer 
Sales Mibesst) 


rth 2 Meneder, New York Office 
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A New Standard 


of Aircraft Service 
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ECESSITY guided our war-time 
efforts in the production of 
UNITED STATES BALLOON 

FABRICS. Since then, our policy of 
faith has been backed by a continued 
zeal in application. As a result, to- 
day we have standardized UNITED 
STATES BALLOON FABRICS to 
that degree of genuine service which 
is reflected in all the products of the 
world’s oldest and largest rubber 
manufacturer. 







































Inquiries concerning UNITED 
STATES BALLOON FABRICS and 
any rubber goods used in aeronautics 
should be directed to the Aircraft 
Department, 1790 Broadway, New 


York City. 

















United States Kubber Lompany 
































